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(54) EXPOSURE APPARATUS AND EXPOSURE METHOD, AND DEVICE PRODUCING METHOD 



(57) The present invention provides an exposure ap- 
paratus that can satisfactorily perform a measurement 
process and can accurately perform an exposure proc- 
ess, even if a liquid immersion method is applied to a 
twin stage type exposure apparatus. An exposure appa- 
ratus (EX) comprises: two substrate stages (PST1, 
PST2) each capable of holding and moving a substrate 
(P); an exposure station (STE) that exposes, through a 



projection optical system (PL) and a liquid (LQ), the sub- 
strate (P) held by one substrate stage (PST1); and a 
measuring station (STA) that measures the substrate (P) 
held by the other substrate stage (PST2) or the above- 
mentioned substrate stage (PST2); and wherein, the 
measurement performed at the measuring station (STA) 
is performed in a state wherein the liquid (LQ) is disposed 
on the substrate stage (PST2) or the substrate (P). 
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Description 

[0001] Priority is claimed on Japanese Patent Applica- 
tion No. 2004-42933 (filed February 19, 2004), the con- 
tents of which are incorporated herein by reference. 

TECHNICAL FIELD 

[0002] The present invention relates to an exposure 
apparatus, an exposure method, and a device fabricating 
method that exposes a substrate through a liquid. 

BACKGROUND ART 

[0003] Semiconductor devices and liquid crystal dis- 
play devices are fabricated by the so-called photolithog- 
raphy technique that transfers a pattern formed on a 
mask onto a photosensitive substrate. An exposure ap- 
paratus used by this photolithographic process compris- 
es a mask stage that supports the mask, and a substrate 
stage that supports the substrate, and transfers the pat- 
tern of the mask onto the substrate via a projection optical 
system while successively, moving the mask stage and 
the substrate stage. There has been demand in recent 
years for higher resolution projection optical systems in 
order to handle the much higher levels of integration of 
device patterns. The shorter the exposure wavelength 
used and the larger the numerical aperture of the projec- 
tion optical system, the greater the resolution of the pro- 
jection optical system. Consequently, the exposure 
wavelength used in exposure apparatuses has short- 
ened year by year and the numerical aperture of projec- 
tion optical systems has increased. Furthermore, the cur- 
rent mainstream exposure wavelength is the 248 nm KrF 
excimer laser, but an even shorter wavelength 193 nm 
ArF excimer laser is also being commercialized. In addi- 
tion, like resolution, the depth of focus (DOF) is also im- 
portant when performing an exposure. The following 
equations respectively express the resolution R and the 
depth of focus 5. 



R = k r MMA, (1) 



8 = ±k 2 X/NA 2 , (2) 

[0004] Therein, \ is the exposure wavelength, NA is 
the numerical aperture of the projection optical system, 
and k, and l<2 are the process coefficients. Equations (1) 
and (2) teach that shortening the exposure wavelength 
X increases the resolution R, and that increasing the nu- 
merical aperture NA decreases the depth of focus 8. 
[0005] If the depth of focus 6 becomes excessively 
small, then it will become difficult to align the surface of 
the substrate with the image plane of the projection op- 



tical system, and there will be a risk of insufficient margin 
of focus during the exposure operation. Accordingly, a 
liquid immersion method has been proposed, as dis- 
closed In, for example, PCT International Publication No. 

5 WO99/49504 (Patent Document 1 ), as a method to sub- 
stantially shorten the exposure wavelength and increase 
the depth of focus. This liquid immersion method forms 
an immersion area by filling a liquid, such as water or an 
organic solvent, between the lower surface of the projec- 

10 tion optical system and the surface of the substrate, thus 
taking advantage of the fact that the wavelength of the 
exposure light in a liquid is 1/n that of in air (where n is 
the refractive index of the liquid, normally approximately 
1.2 to 1.6), thereby improving the resolution as well as 

f5 increasing the depth of focus by approximately n times. 
The disclosures in the Publication (Patent Document 1) 
are hereby incorporated by reference in Its entirety to the 
extent permitted by the national laws and regulations of 
the designated states (or elected states) designated by 

20 the present international patent application. 

DISCLOSURE OF INVENTION 

[0006] Incidentally, a twin stage type exposure appa- 
25 ratus equipped with two substrate stages for holding sub- 
strates has been introduced to the market in recent years. 
This twin stage type exposure apparatus is a system that 
prepares for exposure by performing measurement proc- 
esses, e.g., while an exposure operation is being per- 
30 formed at one substrate stage, the alignment and focus 
of the next substrate is measured at the other substrate 
stage. It is vital to ensure that satisfactory measurement 
processing can be performed even if the liquid immersion 
method is applied to this twin stage type exposure appa- 
35 ratus. 

[0007] The present invention considers such circum- 
stances and has an object to provide an exposure appa- 
ratus, an exposure method, and a device fabricating 
method that can satisfactorily perform the measurement 
40 process and accurately perform the exposure process, 
even if the liquid immersion method is applied to a twin 
stage type exposure apparatus. 

[0008] To solve the abovementioned problems, the 
present Invention adopts the following constitution, as- 
45 soclated with FIGS. 1 to 7, which depict the embodi- 
ments. 

[0009] An exposure apparatus (EX) of the present in- 
vention is an exposure apparatus that exposes a sub- 
strate (P) through a liquid (LQ), comprising: at least two 

50 substrate stages (PST1 , PST2) each capable of holding 
and moving a substrate (P); an exposure station (STE) 
that exposes, through an optical system (PL) and the 
liquid (LQ), a substrate (P) held by one substrate stage 
(PST1); and a measuring station (STA) that measures 

55 the other substrate stage (PST2) orthe substrate (P) hetd 
by the substrate stage (PST2); wherein, the measure- 
ment at the measuring station (STA) is performed in a 
state wherein the liquid (LQ) has been disposed on the 
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substrate stage (PST2) or on the substrate (P). 
[0010] In addition, a device fabricating method of the 
present invention uses the exposure apparatus (EX) as 
recited above. 

[0011] According to the present invention, the expo- 
sure process is performed at the exposure station in the 
immersed state (wet state), wherein the liquid is dis- 
posed; furthermore, even when performing the measure- 
ment process at the measurement station, the measure- 
ment process can be performed under substantially the 
same conditions as the conditions during the exposure 
process by performing the measurement process in the 
wet state, wherein the liquid is disposed. Accordingly, it 
is possible to suppress the generation of measurement 
errors and to accurately perform the exposure process 
based on the measurement results thereof. 
[0012] An exposure method of the present invention 
is an exposure method that exposes a substrate (P) 
through a liquid (LQ), comprising the steps of: measuring 
the substrate stage (PST) or the substrate (P) held by 
the substrate stage (PST) at the measuring station (STA) 
in a state wherein the liquid (LQ) is disposed on that sub- 
strate stage (PST) or the substrate (P); and exposing, 
through the optical system (PL) and the liquid (LQ), the 
substrate (P) at an exposure station separate from the 
measuring station. 

[0013] In addition, a device fabricating method of the 
present invention uses the exposure method as recited 
above. 

[0014] According to the present invention, the meas- 
urement process can be performed at the measuring sta- 
tion under substantially the same conditions as during 
the exposure process at the exposure station by perform- 
ing the measurement process at the measuring station 
in the wet state, wherein the liquid is disposed. Accord- 
ingly, it is possible to suppress the generation of meas- 
urement errors and to accurately perform the exposure 
process based on the measurement results thereof. 
[0015] In addition, an exposure apparatus of an em- 
bodiment different from the one embodiment of the 
present invention is an exposure apparatus that exposes 
a substrate (P) through a liquid (LQ), comprising: at least 
two substrate stages (PST1 , PST2) capable of holding 
and moving a substrate (P); an exposure station (STE) 
that exposes, through an optical system (PL) and the 
liquid (LQ), the substrate (P) held by one substrate stage 
(PST1 ); a measuring station (STA) that measures the 
other substrate stage (PST2) or the substrate (P) held 
by the substrate stage (PST2); a first liquid supply appa- 
ratus (10) that supplies the liquid on the substrate (P) 
held by the substrate stage (PST1 ) positioned at the ex- 
posure station (STE); and a second liquid supply appa- 
ratus (30) that supplies the liquid (LQ) on the substrate 
stage (PST2) or the substrate (P) held by the substrate 
stage (PST2) positioned at the measuring station (STA). 
[0016] According to the present invention, while per- 
forming an exposure at an exposure station in a wet state, 
measurement Is performed at the measuring station in 



substantially the same wet state, and the exposure proc- 
ess can therefore be performed accurately based on that 
measurement result. 

5 BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] 

FIG. 1 is a schematic block diagram showing one 
10 embodiment of an exposure apparatus of the present 
invention. 

FIG. 2 is a cross sectional view showing a substrate 
stage. 

FIG. 3 is a plan view of the substrate stage viewed 

15 from above. 

FIG. 4 is a flow chart showing one embodiment of 
the exposure method of the present invention. 
FIG. 5 is a schematic view for explaining an aspect 
wherein the surface condition of the substrate chang- 

20 es in accordance with the amount of liquid disposed 
on the substrate. 

FIG. 6A and 6B are schematic views for explaining 
an aspect wherein the surface condition of the sub- 
strate changes in accordance with the position of an 
25 immersion area. 

FIG. 7 is a flow chartshowing one example of a proc- 
ess for fabricating a semiconductor device. 

BEST MODE FOR CARRYING OUT THE INVENTION 

30 

[0018] The following explains the exposure apparatus 
of the present invention, referencing the drawings. FIG. 
1 is a schematic block diagram showing one embodiment 
of the exposure apparatus of the present invention. 

35 [0019] In FIG. 1, an exposure apparatus EX is a twin 
stage type exposure apparatus equipped with two sub- 
strate stages, comprising a first substrate stage PST1 
and a second substrate stage PST2 on a common base 
BP, each capable of holding and moving a substrate P 

40 and of moving independently. In addition, the twin stage 
type exposure apparatus EX comprises: an exposure 
station STE that exposes, through a projection optical 
system PL and a liquid LQ, a substrate P held by the first 
substrate stage PST1 (or the second substrate stage 

45 PST2); and a measuring station STA that measures the 
second substrate stage PST2 (or the first substrate stage 
PST1) or the substrate P held by this substrate stage 
PST2(PST1). 

[0020] The first substrate stage PST1 and the second 
50 substrate stage PST2 can be exchanged between the 
exposure station STE and the measuring station STA by 
moving them. Furthermore, the substrate P Is loaded and 
unloaded to and from the substrate stage PST1 (PST2) 
at the measuring station STA. In other words, the sub- 
55 strate P is exchanged at the measuring station STA. Fur- 
thermore, while a substrate P is being exposed on one 
substrate stage PST1 (PST2) disposed at the exposure 
station STE, either anothersubstrate stage PST2(PST1) 
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or a substrate P on this substrate stage disposed at the 
measuring station STA Is being measured. Then the sub- 
strate stage PST2 (PST1) that held the substrate P for 
which the measurement process finished at the measur- 
ing station STA moves to the exposure station STE. 
Then, the substrate P on the substrate stage PST2 
(PST1 ) is exposed at the exposure station STE. Mean- 
while, the substrate stage PST1 (PST2) that held the 
substrate P for which the exposure process finished at 
the exposure station STE moves to the measuring station 
STA. The substrate P, for which the exposure process 
finished and that moved to the measuring station STA, 
is unloaded from the substrate stage PST1 (PST2) . Then 
a new substrate (an unexposed substrate) P is loaded 
onto the substrate stage PST1 (PST2) and measured. 
In addition, a control apparatus CONT provides compre- 
hensive supervisory control of the operation of the entire 
exposure apparatus EX, including the exposure station 
STE and the measuring station STA. Consequently, the 
control apparatus CONT is connected to the various 
measuring means (e.g., an XY interferometer 51, a Z 
interferometer 58, a focus leveling detection system 70, 
and load sensors 64A to 64C), drive apparatuses (e.g., 
a mask stage drive apparatus, a substrate stage drive 
apparatus, and a Z tilt stage 52), and the like, of the ex- 
posure apparatus EX, and is constituted so that it is ca- 
pable of transmitting measurement results and drive in- 
structions to and from such. 

[0021] The exposure station STE comprises a mask 
stage MST that supports a mask M, an illumination optical 
system IL that illuminates a mask M supported by the 
mask stage MST with an exposure light EL, and a pro- 
jection optical system PL that projects a pattern image 
of the mask M illuminated by the exposure light EL and 
exposes that pattern image on the substrate P supported 
by the substrate stage PST1 (PST2). 
[0022] The exposure apparatus EX of the prese nt em- 
bodiment Is a liquid immersion type exposure apparatus 
that applies the liquid immersion method to substantially 
shorten the exposure wavelength, improve the resolu- 
tion, and substantially increase the depth of focus. The 
exposure station STE is provided with a first liquid supply 
mechanism 1 0 that supplies a liquid LQ on the substrate 
P and a first liquid collection mechanism 20 that collects 
the liquid LQ on the substrate P. The exposure apparatus 
EX (locally) forms the immersion area AR2, at least dur- 
ing the transfer of the pattern image of the mask M onto 
the substrate P, by the liquid LQ supplied from the first 
liquid supply mechanism 10 in one part on the substrate 
P that includes a projection area AR1 of the projection 
optical system PL. Specifically, the exposure apparatus 
EX employs a local immersion method that fills the liquid 
LQ between an optical element 2 at the image plane side 
front part of the projection optical system PL and the sur- 
face of the substrate P disposed on the image plane side 
of the projection optical system PL. Furthermore, the ex- 
posure apparatus EX projects and exposes the pattern 
of the mask M onto the substrate P by irradiating the 



substrate P with the exposure light EL that passed 
through the mask M, via the projection optical system PL 
and the liquid LQ, which is between the projection optical 
system PL and the substrate P. 

5 [0023] In addition, the measuring station STA compris- 
es a second liquid supply mechanism 30, which has a 
constitution substantially equivalent to the first liquid sup- 
ply mechanism 10, and a second liquid collection mech- 
anism 40, which has a constitution substantially equiva- 

10 lent to the first liquid collection mechanism 20. 

[0024] As an example, the present embodiment ex- 
plains a case of using, as the exposure apparatus EX, a 
scanning type exposure apparatus (a so-called scanning 
stepper) that, while synchronously moving the mask M 

15 and the substrate P in mutually different orientations (re- 
verse directions) in the scanning direction, exposes the 
substrate P with the pattern formed on the mask M. In 
the following explanation, the direction that coincides with 
an optical axis AX of the projection optical system PL is 

20 the Z axial direction, the direction in which the mask M 
and the substrate P synchronously move in the plane 
perpendicular to the Z axial direction (the scanning di- 
rection) is the X axial direction, and the direction perpen- 
dicular to the Z axial direction and the X axial direction 

25 (the non-scanning direction) is the Y axial direction. In 
addition, the rotational (inclined) directions around the X, 
Y, and Z axes are the 8X, 6Y, and 0Z directions, respec- 
tively. Furthermore, •substrate" herein includes one in 
which a semiconductor wafer is coated with a photoresist, 

30 which is a photosensitive material, and "mask* includes 
a reticle wherein the pattern of a device, which is reduc- 
tion projected onto the substrate, is formed. 
[0025] The illumination optical system IL illuminates, 
with the exposure light EL, the mask M supported by the 

35 mask stage MST and comprises: an exposure light 
source; an optical integrator that uniformizes the intensity 
of the luminous flux emitted from the exposure light 
source; a condenser lens that condenses the exposure 
light EL from the optical integrator, a relay lens system; 

40 a variable field stop that sets to a slit shape an illumination 
region on the mask M illuminated by the exposure light 
EL; and the like. The illumination optical system IL illu- 
minates the prescribed illumination region on the mask 
M with the exposure light EL, which has a uniform illurni- 

<5 nation Intensity distribution. Examples of light used as 
the exposure light EL emitted from the illumination optical 
system IL include: deep ultraviolet light (DUV light), such 
as bright lines (g, h, and i lines) in the ultraviolet region 
emitted from a mercury lamp, for example, and KrF ex- 

50 cimer laser light (248 nm wavelength); and vacuum ul- 
traviolet light (VUV light), such as ArF excimer laser light 
(193 nm wavelength) and F 2 laser light (157 nm wave- 
length). ArF excimer laser light is used in the present 
embodiment. 

55 [0026] The mask stage MST supports the mask M and 
is two dimensionally movable within a plane perpendic- 
ular to the optical axis AX of the projection optical system 
PL, i.e., within the XY plane, and is micro-rotatable about 
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the GZ direction. The mask stage drive apparatus, such 
as a linear motor, drives the mask stage MST. The control 
unit CO NT controls the mask stage drive apparatus. A 
movable mirror 50 Is provided on the mask stage MST. 
In addition, the XY interferometer 51 comprising a laser 
interferometer is provided at a position opposing the mov- 
able mirror 50. The XY interferometer 51 measures in 
real time the position in the two dimensional direction and 
the rotational angle of the mask M on the mask stage 
MST, and outputs the measurement results to the control 
apparatus CONT. The control apparatus CONT Is con- 
nected to the XY interferometer 51 and the mask stage 
drive apparatus, and drives the mask stage drive appa- 
ratus based on the measurement results of the XY inter- 
ferometer 51 , thereby positioning the mask M, which is 
supported by the mask stage MST. 
[0027] The projection optical system PL, which 
projects and exposes the pattern of the mask M onto the 
substrate P with a prescribed projection magnification p, 
comprises a plurality of optical elements, including the 
optical element (lens) 2 provided at the terminal end part 
on the substrate P side (the image plane side of the pro- 
jection optical system PL), which are supported by a lens 
barrel PK. In the present embodiment, the projection op- 
tical system PL is a reduction system having a projection 
magnification p of, for example, 1/4 or 1/5. Furthermore, 
the projection optical system PL may be either a unity 
magnification system or an enlargement system. In ad- 
dition, the optical element (lens) 2 of the front part of the 
projection optical system PL of the present embodiment 
is attachably and detach ably (replace ably) provided to 
and from the lens barrel PK, and the liquid LQ of the 
immersion area AR2 contacts the optical element 2. 
[0028] In the present embodiment, pure water is used 
as the liquid LQ. Pure water is capable of transmitting 
not only ArF excimer laser light, but also deep ultraviolet 
light (DUV light), such as the bright lines (g, h, and I lines) 
in the ultraviolet region emitted from, for example, a mer- 
cury lamp, and KrF excimer laser light (248 nm wave- 
length). 

[0029] Furthermore, in the present embodiment, the 
numerical aperture of the projection optical system, 
wherein pure water is used for the immersion exposure, 
Is set to at least 1 .0 (approximately 1 .0 to 1 .2). 
[0030] The optical element 2 is made of fluorite. Be- 
cause a fluorite surface or a surface to which MgF 2 , 
A1 2 0 3 , Si0 2 , and the like, has been deposited, has a high 
affinity for water, substantially the entire surface of a liquid 
contact surface 2A of the optical element 2 can be made 
to closely contact the liquid LQ. Namely, because the 
liquid (water) LQ having a high affinity for the liquid con- 
tact surface 2A of the optical element 2 is supplied in the 
present embodiment, the characteristics of close contact 
between the liquid LQ and the liquid contact surface 2A 
of the optical element 2 are excellent, and the optical 
path between the optical element 2 and the substrate P 
can therefore be reliably filled with the liquid LQ. Further- 
more, the optical element 2 may also be made of quartz, 



which has a high affinity for water. In addition, the liquid 
contact surface 2A of the optical element 2 may also be 
treated to make it hydrophilic (lyophllic), thereby improv- 
ing its affinity for the liquid LQ. 

5 [0031] The following explains the substrate stages 
PST (PST1 , PST2) that are each capable of holding and 
moving the substrate P. Here, the first substrate stage 
PST1 and the second substrate stage PST2 will be given 
a generic name and explained as an arbitrary substrate 

10 stage PST because the first substrate stage PST1 and 
the second substrate stage PST2 have substantially 
equivalent constitutions. 

[0032] The substrate stage PST is capable of holding 
and moving the substrate P and comprises the Z tilt stage 

15 52 that holds the substrate P via a substrate holder PH, 
and an XY stage 53 that supports the Z tilt stage 52. The 
XY stage 53 (substrate stage PST) is capable of moving 
on the base BP and between at least the exposure station 
STE and the measuring station STA. 
[0033] The substrate stage drive apparatus, such as 
a linear motor, drives the substrate stage PST. The con- 
trol apparatus CONT controls the substrate stage drive 
apparatus. Driving the Z tilt stage 52 controls the position 
(the focal position) of the substrate P held by the Z tilt 

25 stage 52 in the Z axial direction and in the OX, 6Y direc- 
tions. In addition, driving the XY stage 53 controls the 
position of the substrate P in the X and Y directions (the 
position in a direction substantially parallel to the image 
plane of the projection optical system PL) and in the 6Z 

30 direction. In other words, the Z tilt stage 52 controls the 
focal position and the inclination angle of the substrate 
P and aligns the surface of the substrate P with the image 
plane of the projection optical system PL by employing 
an auto focus system and an auto leveling system; and 

35 the XY stage 53 positions (in the X, Y, and 9Z directions) 
the substrate P within the XY plane. Naturally, the Z tilt 
stage 52 and the XY stage 53 may be integ rally provided. 
[0034] An XY movable mirror 55 is provided on the 
substrate stage PST (the Z tilt stage 52). In addition, an 

40 XY interferometer 56 comprising a laser interferometer 
is provided at a position opposing the XY movable mirror 
55. The XY interferometer 56 measures in real time the 
position in the two-dimensional directions and the rota- 
tional angle (the position information related to the X, Y, 

45 and 0Z directions) of the substrate stage PST (as well as 
the substrate P), and outputs the measurement result to 
the control apparatus CONT. The control apparatus 
CONT, which is connected to the XY interferometer 56 
and the substrate stage drive apparatus, positions the 

50 substrate stage PST that held the substrate P by driving 
the substrate stage drive apparatus based on the meas- 
urement result of the XY interferometer 56. 
[0035] An XY interferometer 56, which is capable of 
measuring the position in the X and Y directions and the 

55 rotational angle of the substrate stage PST, is provided 
respectively to the exposure station STE and the meas- 
uring station STA. Accordingly, the XY interferometer 56 
provided to the exposure station STE can measure the 
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position of the substrate stage PST1 (PST2) disposed at 
the exposure station STE, and the XY interferometer 56 
provided to the measuring station STA can measure the 
position of the substrate stage PST2 (PST1 ) disposed at 
the measuring station STA. 

[0036] In addition, a Z movable mirror 57 is provided 
on the side surface of the Z tilt stage 52 of the substrate 
stage PST1 , and a Z interferometer 58 is provided at a 
position opposing the Z movable mirror 57. A Z interfer- 
ometer 58 is provided respectively to the exposure sta- 
tion STE and the measuring station STA. The Z interfer- 
ometer 58 measures the substrate stage PST, specifi- 
cally the position of the Z tilt stage 52 in the Z axial di- 
rection. 

[0037] The exposure station STE and the measuring 
station STA are respectively provided with a focus lev- 
eling detection system 70, which serves as a surface 
detection system that detects the position information of 
the surface of the substrate P held by the substrate stage 
PST. The focus leveling detection system 70 comprises 
a light projecting part 70A that irradiates the substrate P 
with the detection light from the inclined direction and a 
light receiving part 70B that receives the detection light 
(reflected light) reflected by the substrate P. Furthermore, 
the system disclosed in, for example, Japanese Unex- 
amined Patent Application, First Publication No. 
H08-37149 can be used to constitute the focus leveling 
detection system 70. The detection result of the focus 
leveling detection system 70 is outputted to the control 
apparatus CONT. The control apparatus CONT can de- 
tect the position information of the surface of the sub- 
strate P in the Z axial direction and the inclination infor- 
mation of the substrate P in the 6X and the 6Y directions 
based on the detection result of the focus leveling detec- 
tion system 70. The control apparatus CONT, which is 
connected to the focus leveling detection system 70 and 
the Z tilt stage 52, uses the auto focus system and the 
auto leveling system to align the surface of the substrate 
P with the plane of the image, which is formed through 
the projection optical system PL and the liquid LQ, by 
driving the Z tilt stage 52 based on the detection result 
of the focus leveling detection system 70 and adjusting 
the position in the Z axial direction (the focal position) 
and the inclination angle of the substrate P held by the 
Z tilt stage 52. 

[0038] FIG. 2 is an enlarged cross sectionaJ view show- 
ing the substrate stage PST (PST1 , PST2). The substrate 
holder PH is disposed in a recessed part 60 provided on 
the Z tilt stage 52 of the substrate stage PST. Further- 
more, an upper surface 61 , which is outside of the re- 
cessed part 60 of the Z tilt stage 52, is a flat surface (flat 
part) constituted so that It is substantially the same height 
as (flush with) the surface of the substrate P held by the 
substrate holder PH. Consequently, because the upper 
surface 61 is provided substantially flush with the surface 
of the substrate P around the circumference of the sub- 
strate P, the liquid LQ can be held on the image plane 
side of the projection optical system PL and the Immer- 



sion area AR2 can be satisfactorily formed, even when 
an edge area E of the substrate P is Immersion exposed. 
In addition, there is a gap of approximately 0. 1 to 2 mm 
between the edge part of the substrate P and the upper 

5 surface 61 provided around the circumference of the sub- 
strate P and, even if exposing the vicinity of the circum- 
ferential edge of the substrate P, the upper surface 61 
can hold the liquid LQ below the projection optical system 
PL with hardly any of the liquid LQ flowing into that gap 

10 due to the surface tension of the liquid LQ. 

[0039] In addition, by making the upper surface 61 liq- 
uid repellent, it is possible to suppress the outflow of the 
liquid LQ to the outer side of the substrate P (the outer 
side of the upper surface 61 ) during immersion exposure, 

15 to smoothly collect the liquid LQ after immersion expo- 
sure, and to prevent the liquid LQ from remaining on the 
upper surface 61 , and the like. Furthermore, with the liq- 
uid repellency treatment to make the upper surface 61 
liquid repellent, it is possible to, for example, apply a coat- 

20 ing of a fluororesin material, such as polytetrafluo meth- 
ylene, or a liquid repellent material, such as an acrylic 
resin material, or to affix a thin film made of the above- 
mentioned liquid repellent material. In addition, a material 
insoluble in the liquid LQ is used as the liquid repellent 

25 material for the liquid repellency imparting process. 
[0040] A plurality of load sensors 64 (64 A to 64C) is 
provided between the lower surface of the substrate hold- 
er PH and a bottom surface 62 of the recessed part 60 
of the Z titt stage 52. In the present embodiment, each 

30 of the three load sensors 64 comprises, for example, a 
load cell. The load sensors 64A to 64C measure, via the 
substrate holder PH, the force applied to the substrate 
P. The measurement results of the load sensors 64 are 
outputted to the control apparatus CONT. The control 

35 apparatus CONT is connected to the load sensors 64A 
to 64C, and can derive the force applied to the substrate 
P and the distribution thereof based on the outputs of the 
load sensors 64A to 64C. Furthermore, a load sensor 
may also be provided below the Z tilt stage 52 and the 

40 force applied thereto may be measured. In so doing, it is 
possible to measure, for example, the force applied to 
the upper surface 61 of the Z tilt stage 52 with the load 
sensor. In addition, the load sensors 64A to 64C may be 
provided only below the Z tilt stage 52 without providing 

45 them at the lower surface of the substrate holder PH. 
[0041 ] Returning to FIG. 1 , the first liquid supply mech- 
anism 1 0 supplies the liquid LQ between the projection 
optical system PL and the substrate P and comprises: a 
liquid supply apparatus 1 1 that comprises a tank that 

50 stores the liquid LQ, a pressure pump, and the like; and 
a supply pipe 13, wherein one end part is connected to 
the liquid supply apparatus 1 1 and the other end part is 
connected to a supply nozzle 14. The supply nozzle 14 
comprises a supply port 12 disposed proximate to the 

55 substrate P and supplies the liquid LQ from above the 
substrate P. The liquid LQ, which is fed from the liquid 
supply apparatus 1 1 and supplied onto the substrate P 
via the supply pipe 1 3 and the supply port 1 2 of the supply 
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nozzle 14, fills the space between the optical element 2 
at the front part of the projection optical system PL and 
the substrate P, and forms the Immersion area AR2. 
[0042] The first liquid collection mechanism 20 collects 
the liquid LQ on the substrate P and comprises: a liquid 
collection apparatus 21 comprising a vacuum system, 
such as a vacuum pump, a gas-liquid separator, a tank 
for storing the collected liquid LQ, and the like; and a 
collection pipe 23, wherein one end part is connected to 
the liquid collection apparatus 21 and the other end part 
is connected to a collection nozzle 24. The collection noz- 
zle 24 comprises a collection port 22 disposed proximate 
to the substrate P and is capable of collecting the liquid 
LQ on the substrate P. Driving the vacuum system of the 
liquid collection apparatus 21 sucks and collects the liq- 
uid LQ on the substrate P, via the collection port 22 of 
the collection nozzle 24 and the collection pipe 23, into 
the liquid collection apparatus 21 . 
[0043] When forming the immersion area AR2 with the 
liquid LQ on the substrate P, the control apparatus CONT 
drives the liquid supply apparatus 1 1 of the first liquid 
supply mechanism 1 0, supplies a prescribed quantity of 
the liquid LQ per unit of time onto the substrate P via the 
supply pipe 1 3 and the supply port 1 2 of the supply nozzle 
14, drives the liquid collection apparatus 21 of the first 
liquid collection mechanism 20, and collects a prescribed 
quantity of the liquid LQ per unit of time from the substrate 
P via the collection port 22 of the collection nozzle 24 
and the collection pipe 23. Thereby, the liquid LQ is dis- 
posed in the space between the optical element 2 at the 
front part of the projection optical system PL and the sub- 
strate P, and the immersion area AR2 is formed. 
[0044] The measuring station STA is provided with a 
substrate alignment system B2 that detects the alignment 
marks on the substrate P or the fiducial mark PFM (dis- 
cussed later) provided on the Z tilt stage 52. In addition, 
a mask alignment system 84 that detects a fiducial mark 
MFM (discussed later) on the Z tilt stage 52, via the mask 
M and the projection optical system PL, is provided in 
the vicinity of the mask stage M ST of the exposure station 
STE. In addition, the system disclosed in, for example, 
Japanese Unexamined Patent Application, First Publica- 
tion No. H04-65603 can be used for the constitution of 
the substrate alignment system 82, and the constitution 
of the mask alignment system 84 is recited in, for exam- 
ple, Japanese Unexamined Patent Application, First 
Publication No. H07-1 76468 and the corresponding U.S. 
Patent No. 5,646,41 3. The disclosures in the abovemen- 
tioned publications and U.S. Patent are each hereby in- 
corporated by reference in its entirety to the extent per- 
mitted by the national laws and regulations of the desig- 
nated states (or elected states) designated by the present 
international patent application. 

[0045] The measuring station STA is provided with an 
optical member 83 that comprises a liquid contact surface 
83A substantially equivalent to the liquid contact surface 
2A of the optical element 2 at the front part of the projec- 
tion optical system PL. In the present embodiment, the 



optical member 83 constitutes one part of the optical sys- 
tem of the substrate alignment system 82 and is provided 
so that it opposes the substrate P on the substrate stage 
PST. 

5 [0046] In addition, the measuring station STA is pro- 
vided with a second liquid supply mechanism 30 that sup- 
plies the liquid LQ between the optical member 83 and 
the substrate P, and a second liquid collection mecha- 
nism 40 that collects the liquid LQ on the substrate P. As 

10 discussed above, the second liquid supply mechanism 
30 and the second liquid collection mechanism 40 re- 
spectively have constitutions substantially the same as 
the first liquid supply mechanism 10 and the first liquid 
collection mechanism 20 provided at the exposure sta- 

15 tion STE. Namely, the second liquid supply mechanism 
30 comprises: a liquid supply apparatus 31 that compris- 
es a tank that stores the liquid LQ, a pressure pump, and 
the like; and a supply pipe 33, wherein one end part is 
connected to the liquid supply apparatus 31 and the other 

20 end part is connected to a supply nozzle 34. The supply 
nozzle 34 comprises a supply port 32 disposed proximate 
to the substrate P and supplies the liquid LQ from above 
the substrate P. The liquid LQ, which is fed by the liquid 
supply apparatus 31 and supplied via the supply pipe 33 

25 and the supply port 32 of the supply nozzle 34 onto the 
substrate P, fills the space between the optical member 
83 and the substrate P, and thereby forms an immersion 
areaAR2'. 

[0047] The second liquid collection mechanism 40 col- 

30 lects the liquid LQ on the substrate P and comprises: a 
liquid collection apparatus 41 that comprises a vacuum 
system, such as a vacuum pump, a gas-liquid separator, 
a tank that stores the collected liquid LQ, and the like; 
and a collection pipe 43 wherein one end part is connect- 

35 ed to the liquid collection apparatus 41 and the other end 
part is connected to a collection nozzle 44. The collection 
nozzle 44 comprises a collection port 42 disposed prox- 
imate to the substrate P and Is capable of collecting the 
liquid LQ on the substrate P. Driving the vacuum system 

*o of the liquid collection apparatus 41 sucks and collects 
the liquid LQ on the substrate P, via the collection pipe 
43 and collection port 42 of the collection nozzle 44, into 
the liquid collection apparatus 41 . 
[0048] The size and shape of the optical member 83 

45 (the liquid contact surface 83A) are substantially the 
same as the optical element 2 (the liquid contact surface 
2A) of the projection optical system PL. In addition, the 
surface condition of the liquid contact surface 83A is sub- 
stantially the same as the surface condition of the liquid 

50 contact surface 2 A. Specifically, the affinity (the contact 
angle) of the liquid contact surface 83A for the liquid LQ 
Is substantially the same as the affinity (the contact angle) 
of the liquid contact surface 2A for the liquid LQ. In ad- 
dition, the distance between the surface of the substrate 

55 p (or the upper surface 61) on the substrate stage PST 
and the liquid contact surface 2 A is substantially the same 
as the distance between the surface of the substrate P 
(orthe uppersurface 61) on the substrate stage PST and 
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the liquid contact surface 83A. 

[0049] Thereby, the control apparatus CONT can form 
the immersion area AR2 formed at the exposure station 
STE and the immersion area AR2' formed at the meas- 
uring station STA in substantially the same state. Accord- 
ingly, the force that the liquid LQ at the exposure station 
STE exerts upon the substrate P (or the substrate stage 
PST) can be made substantially the same as the force 
exerted uponthe substrate P (orthe substrate stage PST) 
by the liquid LQ at the measuring station STA. 
[0050] Here, the following can be cited as forces ex- 
erted by the liquid LQ upon the substrate P: the self weight 
of the liquid LQ; the pressure of the liquid LQ; and the 
shearing force exerted upon the substrate P by the liquid 
LQ when the substrate P moves in a state wherein the 
liquid LQ is filled between the substrate P and the liquid 
contact surfaces 2A, 83A. 

[0051] Furthermore, in the present embodiment, the 
optical member 83 constitutes one part of the substrate 
alignment system 82, but may be provided independent 
of the substrate alignment system 82 and constituted so 
that only the optical member 83 is supported by a pre- 
scribed support member. In addition, it is also acceptable 
if the optical member 83 does not transmit light. In other 
words, the measuring station STA may be provided with 
a prescribed member having a liquid contact surface 
equivalent to the liquid contact surface 2 A of the optical 
element 2 at the front part of the projection optical system 
PL. In this case, the optical member 83, the abovemen- 
tioned prescribed member, and the like, each have a liq- 
uid contact surface that is equivalent to the optical ele- 
ment (the liquid contact surface 2A) of the projection op- 
tical system PL at the exposure station STE, and are 
constituted so that the immersion area AR2' formed at 
the measuring station STA and the immersion area AR2 
formed at the exposure station STE are formed in sub- 
stantially the same state, and thereby the optical member 
B3, the prescribed member, and the like function as dum- 
my members for creating an environment in the meas- 
uring station STA that is identical to the environment of 
the exposure station STE. However, the measurement 
for alignment can be performed in the state in which the 
immersion area AR2' is formed by using the optical mem- 
ber 83 for holding the liquid LQ as one part of the optical 
system of the substrate alignment system 82. 
[0052] Furthermore, the specific constitution of the 
twin stage type exposure apparatus is recited in, for ex- 
ample, Japanese Unexamined Patent Application, First 
Publication Nos. H10-1 63099 and H10-214783, and the 
corresponding U.S. Patent No. 6,400,441 , and Published 
Japanese Translation No. 2000-505958 of the PCT In- 
ternational Application and corresponding U.S. Patent 
Nos. 5,969,441 and 6,262,796. The disclosures in the 
abovementioned publications and U.S. Patents are each 
hereby incorporated by reference in its entirety to the 
extent permitted by the national laws and regulations of 
the designated states (or elected states) designated by 
the present international patent application. 



[0053] FIG. 3 is a plan view of the substrate stage PST 
(PST1, PST2) viewed from above. In FIG. 3, a movable 
mirror 55 is disposed at each of two mutually perpendic- 
ular edge parts of the substrate stage PST, which is rec- 

5 tangular in a plan view. 

[0054] In addition, a fiducial member 300 is disposed 
on the substrate stage PST at a prescribed position on 
the outer side of the substrate P. The fiducial member 
300 Is provided with a prescribed positional relationship 

10 between the fiducial mark PFM detected by the substrate 
alignment system 82 and the fiducial mark MFM detected 
by the mask alignment system 84. An uppersurface 301 A 
of the fiducial member 300 is substantially a flat surface 
and the surface of the substrate P held by the substrate 

15 stage PST is provided at substantially the same height 
as (flush with) the uppersurface 61 of the substrate stage 
PST. The upper surface 301 A of the fiducial member 300 
can serve the same role as the reference surface of the 
focus leveling detection system 70. 

20 [0055] In addition, the substrate alignment system 82 
detects alignment marks 1 formed on the substrate P. 
As depicted in FIG. 3, a plurality of shot regions S1 to 
S24 is formed on the substrate P and a plurality of align- 
ment marks 1 is provided on the substrate P correspond- 

25 jng in number to the plurality of shot regions S1 to S24. 
Furthermore, each shot region is depicted in FIG. 3 so 
that they are mutually adjacent, but they are actually mu- 
tually spaced apart, and the alignment marks 1 are pro- 
vided on a scribe line, which is an area spaced apart 

30 therefrom. 

[0056] In addition, an illumination intensity nonuni- 
fonmity sensor 400 of the type disclosed in, for example, 
Japanese Unexamined Patent Application, First Publica- 
tion No. S57-1 17238 and the corresponding U.S. Patent 

35 No. 4,465,368 is disposed as a measurement sensor on 
the substrate stage PST at a prescribed position on the 
outer side of the substrate P. The illumination intensity 
nonuniformity sensor 400 comprises an upper plate 401, 
which is rectangular in a plan view. An uppersurface 401 
a of the upper plate 401 is substantially a flat surface and 
is provided at substantially the same height as (flush with) 
the surface of the substrate P held by the substrate stage 
PST and the upper surface 61 of the substrate stage 
PST. A pinhole part 470 capable of passing light there- 

45 through is provided in the upper surface 401 A of the 
upper plate 401 . The upper surface 401 A that is outside 
of the pinhole part 470 is covered with a shielding mate- 
rial, such as chrome. The disclosures in the abovemen- 
tioned publication and the U.S. Patent are each hereby 

50 incorporated by reference in its entirety to the extent per- 
mitted by the national laws and regulations of the desig- 
nated states (or elected states) designated by the present 
international patent application. 
[0057] In addition, an aerial image measuring sensor 

55 (AIS: aerial image sensor) 500 of the type disclosed in, 
for example, Japanese Unexamined Patent Application, 
First Publication No. 2002-14005 and the corresponding 
U.S. Patent Application Publication No. 2002/0041377 
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is provided as a measurement sensor on the substrate 
stage PST at a prescribed position on the outer side of 
the substrate P. The aerial image measuring sensor 500 
comprises an upper plate 501 , which is rectangular In a 
plan view. An upper surface 501 A of the upper plate 501 
is substantially a flat surface and is provided at substan- 
tially the same height as (flush with) the surface of the 
substrate P held by the substrate stage PST and the up- 
per surface 61 of the substrate stage PST. A slit part 570 
that is capable of passing light therethrough is provided 
in the upper surface 501 A of the upper plate 501. The 
upper surface 501 A that is outside of the slit part 570 is 
covered with a shielding material, such as chrome. The 
disclosures in the abovementioned publications are each 
hereby incorporated by reference in its entirety to the 
extent permitted by the national laws and regulations of 
the designated states (or elected states) designated by 
the present international patent application. 
[0058] In addition, although not shown, an irradiation 
sensor (an illumination intensity sensor) of the type as 
disclosed in, for example, Japanese Published Patent 
Application No. H1 1 -1 681 6 and the corresponding U.S. 
Published Patent Application No. 2002/0061 469 is also 
provided on the substrate stage PST, and an upper sur- 
face of an upper plate of that irradiation sensor is provided 
at substantially the same height as (flush with) the surf ace 
of the substrate P held by the substrate stage PST and 
the upper surface 61 of the substrate stage PST. The 
disclosures in the abovementioned publications are each 
hereby incorporated by reference in its entirety to the 
extent permitted by the national laws and regulations of 
the designated states (or elected states) designated by 
the present international patent application. 
[0059] Furthermore, the fiducial member 300, the up- 
per plates 401, 501, and the like, are detachable from 
the substrate stage PST. The fiducial member 300, the 
upper plates 401 , 501 , and the like, can be replaced when 
their liquid repellency has deteriorated. 
[0060] The following explains the procedure for using 
the exposure apparatus EX that is discussed above to 
expose the pattern of the mask M onto the substrate P, 
referencing the flow chart diagram in FIG. 4. 
[0061] First, before the exposure process, a substrate 
P is loaded into the measuring station STA. The second 
substrate stage PST2 is disposed at the measuring sta- 
tion STA and the control apparatus CONT uses a con- 
veyor system (not shown) to load the substrate P before 
exposure processing onto the second substrate stage 
PST2 of the measuring station STA. The loaded sub- 
strate P is held by the substrate holder PH on the second 
substrate stage PST2. While, the first substrate stage 
PST1 , which held a substrate P for which the measure- 
ment process finished at the measuring station STA, is 
disposed at the exposure station STE. 



Detection of Z Position in the Wet Stage (Measuring Sta- 
tion) 

[0062] The control apparatus CONT starts the meas- 

5 urement process for the second substrate stage PST2 
that holds the substrate P at the measuring station STA. 
First, the control apparatus CONT moves the substrate 
stage PST so that it opposes the optical member 83 and 
the fiducial member 300. Furthermore, the control appa- 

10 ratus CONT uses the second liquid supply mechanism 
30 and the second liquid collection mechanism 40 of the 
measuring station STA to supply and collect the liquid 
LQ, disposes the liquid LQ between the optical member 
83 and the fiducial member 300 on the substrate stage 

is PST disposed at the measuring station STA, and forms 
the Immersion area AR2'. Then, while adjusting the po- 
sition (the position in the Z direction) and the attitude (the 
inclinations 6X, 6Y) of the Z tilt stage 52, the control ap- 
paratus CONT uses the focus leveling detection system 

20 70 to detect, through the liquid LQ, the position informa- 
tion in the Z axial direction of the surface (upper surface) 
301 A of the fiducial member 300 on the second substrate 
stage PST2 (step SA1). 

[0063] Simultaneous thereto, the control apparatus 

25 CONT uses the Z interferometer 58 to detect the position 
information in the Z axial direction of the Z tilt stage 52. 
Thereby, the position information of the surface (fiducial 
surface) 301 A of the fiducial member 300 within the co- 
ordinate system stipulated by the Z interferometer 58, 

30 specifically the position Z 0 in the Z axial direction of the 
second substrate stage PST2 (Z tilt stage 52) when the 
position of the surface (fiducial surface) 301 A of the fi- 
ducial member 300 and the focal position of the focus 
leveling detection system 70 are aligned, is measured 

35 by the Z interferometer 58. The information related to the 
position Zq is stored in the control apparatus CONT. 
[0064] Subsequently, the control apparatus CONT op- 
poses the optical member 83 and the substrate P, which 
is held by the second substrate stage PST2 at the meas- 

40 uring station STA, and supplies and collects the liquid 
LQ by the second liquid supply mechanism 30 and the 
second liquid collection mechanism 40, and forms the 
immersion area AR2" of the liquid LQ on the substrate P. 
Furthermore, the control apparatus CONT usesthe focus 

^5 leveling detection system 70 provided in the measuring 
station STA to detect, through the liquid LQ, the position 
information in the Z axial direction of the plurality of de- 
tection points on the surface of the substrate P that is 
held by the second substrate stage PST2 (step SA2). 

50 [0065] For example, while monitoring the output of the 
XY interferometer 56, the control apparatus CONT 
moves the XY stage 53 of the second substrate stage 
PST2 and uses the focus leveling detection system 70 
to detect, through the liquid LQ, the position information 

55 in the Z direction of the plurality of points within the plane 
(within the XY plane) of the surface of the substrate P. 
Specifically, the Z tilt stage 52 is driven while moving the 
XY stage 53 of the second substrate stage PST2 so that 
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the detection light emitted from the light projecting part 
70A of the focus leveling detection system 70 irradiates 
a plurality of positions on the surface of the substrate P, 
the position (the position in the Z direction) and the atti- 
tude (the inclinations 6X, 8Y) of that Z tilt stage 52 are 
adjusted, and the Z position information for each of the 
plurality of points on the surface of the substrate P is 
detected. The results of the detection of the position in- 
formation by the focus leveling detection system 70 are 
stored In the control apparatus CONT associated with 
the position within the XY plane of the substrate P (sec- 
ond substrate stage PST2). Furthermore, the detection 
of the position information by the focus leveling detection 
system 70 may be performed for all of the shot regions 
S1 to S24 on the substrate P or for only some of the shot 
regions. 

[0066] At this point, the control apparatus CONT uses 
the Z interferometer 58 to measure the Z position infor- 
mation of the Z tilt stage 52 when it has detected, through 
the liquid LQ and using the focus leveling detection sys- 
tem 70, the position information of the plurality of detec- 
tion points on the surface of the substrate P. Thereby, 
the positional relationship between the substrate P and 
the Z tilt stage 52, as well as the position Zq, can be 
derived. In other words, the position information of the 
surface of the substrate P is measured within the coor- 
dinate system stipulated by the Z interferometer 58. 
[0067] Next, the control apparatus CONT prepares 
map data based on the position information of the plurality 
of detection points detected on the surface of the sub- 
strate P and, based on that map data, derives an approx- 
imation plane (approximation surface) of the surface of 
the substrate P. Thereby, the control apparatus CONT 
derives the approximation plane of the surface of the sub- 
strate P on the basis of the Z tilt stage 52 (position Zq) 
(step SA3). 

Detection of XY Position In the Wet State (Measuring 
Station) 

[0068] Subsequently, the control apparatus CONT 
moves the substrate stage PSTso that the detection area 
of the substrate alignment system 82 is positioned on the 
fiducial member 300. Specifically, the control apparatus 
CONT moves the substrate stage PST so that the optical 
member 83 of the substrate alignment system 82 oppos- 
es the fiducial member 300. Furthermore, the control ap- 
paratus CONT supplies and collects the liquid LQ using 
the second liquid supply mechanism 30 and the second 
liquid collection mechanism 40 and forms the immersion 
area AR2' of the liquid LQ on the fiducial member 300. 
In a state wherein the liquid LQ is brought Into contact 
with the liquid contact surface 83 A of the optical member 
83 and the surface 301 A of the fiducial member 300, the 
control apparatus CONT uses the substrate alignment 
system 82 to measure, through the liquid LQ, the fiducial 
mark PFM on the fiducial member 300. The XY interfer- 
ometer 56 measures the position of the substrate stage 



PST when the substrate alignment system 82 is meas- 
uring the fiducial mark PFM. Accordingly, the control ap- 
paratus CONT can derive the position information of the 
fiducial mark PFM within the coordinate system specified 

5 by the XY interferometer 56 (step SA4). 

[0069] Next, the control apparatus CONT uses th e sec- 
ond liquid supply mechanism 30 and the second liquid 
collection mechanism 40 of the measuring station STA 
to supply and collect the liquid LQ, disposes the liquid 

10 LQ on the substrate P or on the substrate stage PST 
disposed at the measuring station STA, and forms the 
immersion area AR2\ Furthermore, the control appara- 
tus CONT moves the substrate stage PST in the X and 
Y directions to sequentially dispose, within the detection 

15 area of the substrate alignment system 82, the plurality 
of alignment marks 1 provided on the substrate P and 
associated with the plurality of shot regions S1 to S24. 
The control apparatus CONT sequentially measures, 
through the liquid LQ and using the substrate alignment 

20 system 82, the plurality of alignment marks 1 on the sub- 
strate P in a state wherein the liquid LQ is disposed on 
the substrate P and the immersion area AR2' has been 
formed. At this time, the liquid LQ of the immersion area 
AR2' is in contact with the liquid contact surface 83A of 

25 the optical member 83 of the substrate alignment system 
82, and the substrate alignment system 82 measures the 
alignment marks 1 in a state wherein the liquid LQ has 
been brought into contact with the liquid contact surface 
83A of the optical member B3. The XY interferometer 56 

30 monitors the position of the substrate stage PST when 
the substrate alignment system 82 is measuring the 
alignment marks 1 . As a result, the control apparatus 
CONT can derive the position information of each of the 
alignment marks 1 within the coordinate system stipulat- 
es ed by the XY interferometer 56 (step SA5). 

[0070] In addition, the substrate alignment system 82 
has a detection reference position within the coordinate 
system stipulated by the XY interferometer 56, and the 
position information of the alignment marks 1 are detect- 

40 ed as a deviation from that detection reference position. 
[0071] Furthermore, the substrate alignment system 
82 of the present embodiment employs a FIA (field image 
alignment) system that brings the substrate stage PST 
to rest, Irradiates the marks with the illumination light, 

^5 such as white light, from a halogen lamp, forms the ob- 
tained image of the marks within a prescribed image 
forming field by an imaging device, and performs image 
processing to measure the positions of the marks. 
[0072] Here, in the present embodiment, the position 

50 information of the shot regions S1 to S24 is derived by a 
so-called EGA (enhanced global alignment) system of 
the type disclosed In, for example, Japanese Unexam- 
ined Patent Application, First Publication No. S61 -44429. 
Consequently, the control apparatus CONT specifies at 

55 least three regions (EGA shot regions) among the plu- 
rality of shot regions S1 to S24 formed on the substrate 
P and uses the substrate alignment system 82 to detect 
the alignment marks 1 associated with each shot region. 
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The disclosures in the abovementioned publication are 
hereby incorporated by reference in its entirety to the 
extent permitted by the national laws and regulations of 
the designated states (or elected states) designated by 
the present international patent application. Further- 
more, the substrate alignment system 82 may detect all 
of the alignment marks 1 on the substrate P. 
[0073] The control apparatus CONT performs arithme- 
tic processing (EGA process) to derive the position infor- 
mation for each of the shot regions S1 to S24 on the 
substrate P based on the results of detecting the position 
information of the alignment marks 1 (step SA6). 
[0074] With the EGA system, after the position infor- 
mation (coordinate positions) of the alignment marks 1 
associated with the abovementioned EGA shot regions 
has been detected using the substrate alignment system 
82, the error parameters (offset, scale, rotation, and or- 
thogonality) related to the array characteristics (position 
information) of the shot regions SI to S24 on the sub- 
strate P are determined based on those detection values 
and design values by performing statistical computations 
by the least squares method, and the like. Furthermore, 
based on these determined parameter values, the design 
coordinate values for all shot regions S1 to S24 on the 
substrate P are compensated. Thereby, the positional 
relationship between the detection reference position of 
the substrate alignment system 82 and each of the shot 
regions on the substrate P placed on the substrate stage 
PST is determined. Namely, based on the output from 
the laser interferometer 56, the control apparatus CONT 
can know where each shot region on the substrate P is 
positioned with respect to the detection reference posi- 
tion of the substrate alignment system 82. 
[0075] Here, as depicted in FIG. 1, the detection area 
of the substrate alignment system 82 of the measuring 
station STA and the detection area of the focus leveling 
detection system 70 are provided substantially Identical 
or proximate. Furthermore, the immersion area AR2' can 
be irradiated simultaneously with both the detection light 
of the substrate alignment system 82 and the detection 
light of the focus leveling detection system 70. Namely, 
both the detection area of the substrate alignment system 
B2 and the detection area of the focus leveling detection 
system 70 of the measuring station STA are provided on 
the inner side of the immersion area AR2\ Accordingly, 
the control apparatus CONT can substantially simulta- 
neously perform measurement by the substrate align- 
ment system 82 and by the focus leveling detection sys- 
tem 70. Specifically, the abovementioned step SA1 and 
step SA4 can be performed in parallel. Alternatively, the 
abovementioned step SA2 and the step SA5 can also be 
performed in parallel. Thereby, the measurement proc- 
ess time can be reduced. 

[0076] Furthermore, the detection of the surface infor- 
mation of the substrate P (step SA2) may be performed 
after the detection of the position information of the plu- 
rality of alignment marks 1 has been performed (step 
SA5). Alternatively, the detection of the surface informa- 



tion of the substrate P and the detection of the position 
information of the alignment marks 1 may be performed 
alternately. Alternatively, the detection of the Z position 
(steps SA1, SA2) may be performed after the detection 

5 of the XY position of the marks has been performed 
(steps SA4, SA5). Namely, the order of each of the steps 
discussed above can be modified arbitrarily. 
[0077] Furthermore, based on the position information 
of the fiducial mark PFM measured in step SA4 and the 

10 position information of the plurality of the alignment 
marks 1 on the substrate P measured in step SA5, the 
control apparatus CONT can derive the positional rela- 
tionship between the fiducial. mark PFM and the plurality 
of alignment marks 1 on the substrate P. In addition, the 

15 positional relationship between the plurality of the align- 
ment marks 1 and the shot regions S1 to S24 is derived 
from the EGA process in step SA6. Accordingly, the con- 
trol apparatus CONT can derive each of the positional 
relationships between the fiducial mark PFM and the plu- 

20 rality of the shot regions S1 to S24 on the substrate P 
based on the positional relationships between the previ- 
ously derived fiducial mark PFM and the plurality of the 
alignment marks 1 on the substrate P. In addition, the 
control apparatus CONT can determine each of the po~ 

25 sitional relationships in the XY plane between the fiducial 
mark MFM and the plurality of shot regions S1 to S24 on 
the substrate P because, as discussed above, it is al- 
ready known that the fiducial mark PFM and the fiducial 
mark MFM are provided with a prescribed positional re- 

30 lationship. 

[0078] The second substrate stage PST2, for which 
the measurement process (steps SA1 to SA6) at the 
measuring station STA as discussed above has ended, 
moves to the exposure station STE. Furthermore, the 

35 control apparatus CONT uses the second liquid collec- 
tion mechanism 40 to collect the liquid LQ on the sub- 
strate P and the substrate stage PST before the substrate 
stage PST moves from the measuring station STA to the 
exposure station STE. Meanwhile, the first substrate 

40 stage PST1 , which was disposed at the exposu re station 
STE, moves to the measuring station STA. At this point, 
the exposure process is performed at the exposure sta- 
tion STE on the substrate P that was held by the first 
substrate stage PST1 In parallel with the measurement 

45 process performed on the second substrate stage PST2 
at the measuring station STA. 

[0079] The first substrate stage PST1 , which held the 
substrate P for which the exposure process finished, 
moves to the measuring station STA. The substrate P on 
so the first substrate stage PST1 , which moved to the meas- 
uring station STA, is unloaded. Then, the substrate P to 
be newly exposure processed is loaded onto the first sub- 
strate stage PST1 of the measuring station STA, and the 
measuring process discussed above is then performed. 

55 
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Detection of XY Position in the Wet State (Exposure Sta- 
tion) 

[0080] Meanwhile, the control apparatus CONT uses 
the mask alignment system 84 to perform the measure- 
ment process on the second substrate stage PST2 that 
moved from the measuring station STA to the exposure 
station STE. The control apparatus CONT moves the 
substrate stage PST in the X and Y directions so that the 
fiducial mark MFM on the fiducial member 300 can be 
detected by the mask alignment system 84, i.e., so that 
the optical element 2 at the front part of the projection 
optical system PL opposes the fiducial member 300. 
Then, the control apparatus CONT uses the first liquid 
supply mechanism 1 0 and the first liquid collection mech- 
anism 20 of the exposure station STE to supply and col- 
lect the liquid LQ, and forms the immersion area AR2 by 
filling the liquid LQ between the optical element 2 of the 
projection optical system PL and the fiducial member 
300. Then, the control apparatus CONT uses the mask 
alignment system 84 to detect the fiducial mark MFM 
through the mask M, the projection optical system PL, 
and the liquid LQ (step SA7). 

[0081] Namely, the control apparatus CONT detects, 
through the projection optical system PL and the liquid 
LQ, the positional relationship between the mark on the 
mask M and the fiducial mark MFM. Thereby, the posi- 
tional relationship between the fiducial mark MFM and 
the position of the mask M within the XY plane, i.e., the 
projection position information of the image of the pattern 
of the mask M, Is measured through the projection optical 
system PL and the liquid LQ. 

[0082] Furthermore, the mask alignment system 84 of 
the present embodiment employs a VRA (visual reticle 
alignment) system that detects a mark position by irradi- 
ating the mark with light and performing image process- 
ing of the image data of the mark imaged by a CCD cam- 
era, and the like. 

[0083] Furthermore, the control apparatus CONT can 
align the shot regions S1 to S24 on the substrate P and 
the projection position of the pattern image of the mask 
M, which passed through projection optical system PL 
and the liquid LQ, based on: the information of the posi- 
tional relationship between the fiducial mark PFM that 
was measured using the abovementioned substrate 
alignment system 82 and each of the shot regions S1 to 
S24 on the substrate P; the information of the positional 
relationship between the projection position of the pattern 
image of the mask M measured using the abovemen- 
tioned mask alignment system 84 and the fiducial mark 
MFM; and the information of the positional relationship 
between the known fiducial mark PFM, which is provided 
with a prescribed positional relationship, and the fiducial 
mark MFM. 



Detection of Z Position in the Wet State (Exposure Sta- 
tion) 

[0084] In addition, after the substrate stage PST has 
5 moved so that the optical element 2 of the projection op- 
tical system PL opposes the substrate P, the control ap- 
paratus CONT supplies and collects the liquid LQ by the 
first liquid supply mechanism 10 and the first liquid col- 
lection mechanism 20 and forms the Immersion area AR2 
to of the liquid LQ on the substrate P. 

[0085] Then, the control apparatus CONT uses the fo- 
cus leveling detection system 70 provided in the expo- 
sure station STE to detect, through the liquid LQ, the Z 
position information of one detection point on the surface 
15 of the substrate P on the second substrate stage PST2 
or detection points numbering less than the detection 
points that were detected by the measuring station STA 
(step SA8). 

[0086] Furthermore, the control apparatus CONT uses 

20 the Z interferometer 58 to measure the Z position infor- 
mation of the Z tilt stage 52 when the focus leveling de- 
tection system 70 was used to detect the position infor- 
mation of the detection points on the surface of the sub- 
strate P. The position in the Z axial direction of the Z tilt 

2S stage 52 (position with respect to the position Z 0 ) is de- 
tected by the Z interferometer 58. Because the approxi- 
mation plane of the surface of the substrate P is derived 
in step SA3, the control apparatus CONT can detect the 
position information within the XY plane and the Z posi- 

30 tion information at one or a plurality of detection points 
on the surface of the substrate P at the exposure station 
STE and, based on those detection results, can derive 
the approximation plane of the surface of the substrate 
P at the exposure station STE using the Z tilt stage 52 

35 as a reference (position Zq). 

[0087] In addition, in a state wherein the second sub- 
strate stage PST2 has moved and the liquid LQ is filled 
between the optical element 2 of the projection optical 
system PL and the fiducial member 300, the control ap- 

40 paratus CONT detects with the focus leveling detection 
system 70 the surface (fiducial surface) 301 A of the fi- 
ducial member 300 and measures the relationship be- 
tween the plane of the image, which is formed through 
the projection optical system PL and the liquid LQ, and 

45 the surface 301 A of the fiducial member 300 (step SA9). 
[0088] Here, the focus leveling detection system 70 is 
constituted so that the positional relationship (deviation) 
between the surface to be inspected and the plane of the 
image, which is formed by the projection optical system 

so PL and through the liquid LQ, can be detected in the wet 
state. Accordingly, by detecting the surface 301 A of the 
fiducial member 300 in the wet state, the focus leveling 
detection system 70 can derive the positional relationship 
between the surface of the substrate P and the plane of 

55 the image, which is formed through the projection optical 
system PL and the liquid LQ, using the position Zq as a 
reference. 

[0089] Furthermore, the aerial image measuring sen- 
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sor 500 may be used to measure the plane of the image 
that formed through the projection optical system PL and 
the liquid LQ. In that case, the control apparatus CONT 
opposes the optical element 2 of the projection optical 
system PL and the upper surface (reference surface) 501 
A of the upper plate 501 of the aerial image measuring 
sensor500, fills the liquid LQ between the optical element 
2 and the upper surface 501 A, and forms the immersion 
area AR2. In that state, the control apparatus CONT 
moves the Z tilt stage 52 in the Z axial direction while 
irradiating the aerial image measuring sensor 500 with 
the exposure light EL, through the projection optical sys- 
tem PL and the liquid LQ, and uses the aerial image 
measuring sensor 500 to detect the optimal imaging 
plane (image plane). Then, using the position Zq as a 
reference, the position of the plane of the image, which 
is formed through the projection optical system PL and 
the liquid LQ, can be derived by measuring the position 
of the Z tilt stage 52 with the Z interferometer 58 when 
the optimal imaging plane has been detected. Accord- 
ingly, based thereon, the positional relationship between 
the plane of the image, which is formed through the pro- 
jection optical system PL and the liquid LQ, and the sur- 
face of the substrate P can be derived. 
[0090] In addition, before exposing the substrate P, 
e.g., in a state wherein the liquid LQ has been filled be- 
tween the optical element 2 of the projection optical sys- 
tem PL and the upper surface 401 A of the upper plate 
401 of the illumination intensity n on uniformity sensor 
400, the control apparatus CONT can emit the exposure 
light EL from the illumination optical system IL and can 
detect the illumination intensity distribution of the expo- 
sure light EL in the projection area AR1 by the illumination 
intensity nonuniformity sensor 400 through the projection 
optical system PL and the liquid LQ. In a state wherein 
the immersion area of the liquid LQ has been formed on 
the upper surface 401 A of the illumination intensity non- 
uniformity sensor 400, the control apparatus CONT se- 
quentially moves the pinhole part 470 of the illumination 
intensity nonuniformity sensor 400 to a plurality of posi- 
tions within the irradiated area (projection area) irradiated 
with the exposure light EL. The control apparatus CONT 
appropriately compensates the illumination intensity dis- 
tribution of the exposure light EL based on the detection 
result of the illumination intensity nonuniformity sensor 
400 so that the illumination intensity distribution of the 
exposure light EL in the projection area AR1 of the pro- 
jection optical system PL reaches a desired state. Like- 
wise, the control apparatus CONT uses the irradiation 
sensor discussed above to measure the illumination in- 
tensity of the exposure light EL and appropriately com- 
pensates such based on that measurement resulL 

Alignment and Exposure in the Wet State (Exposure Sta- 
tion) 

[0091] When the abovementioned measurement proc- 
ess has finished, the control apparatus CONT, in order 



to expose each of the shot regions S1 to S24 on the 
substrate P, moves the substrate stage PST while sup- 
plying and collecting the liquid LQ by the first liquid supply 
mechanism 10 and the first liquid collection mechanism 

5 20, and moves the immersion area AR2 under the pro- 
jection optical system PL onto the substrate P. The sub- 
strate stage PST can be moved in the X and Y directions 
in a state wherein the liquid LQ is held below the projec- 
tion optical system PL because the upper surface 61 of 

10 the substrate stage PST, which includes the fiducial 
member 300, and the surface of the substrate P are each 
substantially the same height. Then, each of the shot 
regions S1 to S24 on the substrate P is scanned and 
exposed (step SA1 0) using the variety of information de- 

15 rived during the measurement process discussed earlier. 
[0092] Then, during the scanning and exposure of 
each of the shot regions S1 to S24, each of the shot 
regions S1 to S24 which are on the substrate P, and the 
mask M are aligned based on the information of the po- 

20 sitional relationship between the fiducial mark PFM and 
each of the shot regions S1 to S20, and the projection 
position information of the pattern image of the mask M 
derived using the fiducial mark MFM. 
[0093] In addition, during the scanning and exposure 

25 of each of the shot regions S1 to S24, the exposure is 
performed while adjusting (compensating) the positional 
relationship between the surface of the substrate P and 
the plane of the image, which formed through the projec- 
tion optical system PL and the liquid LQ, without using 

30 the focus leveling detection system 70 of the exposure 
station STE, based on the information of the positional 
relationship between the surface (fiducial surface) 301 A 
of the fiducial member 300 and the surface of the sub- 
strate P derived at the measuring station STA using the 

35 position Z 0 as a reference, and the information of the 
positional relationship between the surface 301 A of the 
fiducial member 300 and the plane of the image, which 
formed through the projection optical system PL and the 
liquid LQ, derived at the exposure station STE. In other 

40 words, when performing immersion scanning exposure, 
the Z tilt stage 52 is driven so that the plane of the image, 
which passed through the projection optical system PL 
and the liquid LQ and the surface (exposure surface) of 
the substrate P are coincident, based on the information 

45 related to the approximation surface of the surface of the 
substrate P obtained in steps SA8, SA9 and the informa- 
tion related to the Z position of the plane (surface: fiducial 
surface) 301 A of the fiducial member 300. Thereby, im- 
mersion exposure can be performed in a state wherein 

50 the attitude (the Z, 6X, and 9Y positions) of the substrate 
P has been appropriately adjusted with respect to each 
of the shot regions S1 toS24. Furthermore, if the position 
information for all shot regions S1 to S24 on the substrate 
P has been detected in step SA2, then the relationship 

55 to the surface 301 A of the fiducial member 300 related 
to the position in the Z direction is obtained for each shot 
region. In contrast, if the position information in the Z 
direction has been detected for Just some of the shot 
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regions on the substrate P in step SA2, then the position 
information of the Z direction at the position within the 
XY plane corresponding to each shot region may be de- 
rived in advance by calculation, and the like, based on 
the obtained approximation surface (indicated by the X, 
Y, and Z coordinates). 

[0094] Furthermore, the surface information (the Z po- 
sition information within the XY plane) of the surface of 
the substrate P may be detected using the focus leveling 
detection system 70 of the exposure station STE during 
scanning and exposure, and used to confirm the results 
of adjusting the positional relationship between the sur- 
face of the substrate P and the plane of the image, which 
formed through the liquid LQ. 

[0095] Furthermore, with the embodiments discussed 
above, the adjustment of the positional relationship be- 
tween the surface of the substrate P and the plane of the 
image, which formed through the liquid LQ, is performed 
by driving the Z tilt stage 52 that holds the substrate P, 
but the image plane may be aligned with the surface of 
the substrate P by moving the mask M, some of the plu- 
rality of lenses that constitute the projection optical sys- 
tem PL, and the like. 

[0096] The control apparatus CONT moves the sec- 
ond substrate stage PST2 of the exposure station STE 
to the measuring station STA after the immersion expo- 
sure process on the substrate P on the second substrate 
stage PST2 has finished. In parallel, the control appara- 
tus CONT moves the first substrate stage PST1 that held 
the substrate P, for which the measurement process fin- 
ished at the measuring station STA, to the exposure sta- 
tion STE. 

[0097] The control apparatus CONT uses the convey- 
or system (not shown) to unload the substrate P, which 
was held by the second substrate stage PST2 that moved 
to the measuring station STA, and for which the exposure 
process has finished. 

[0098] As explained above, If performing an exposure 
(immersion exposure) in the wet state wherein the liquid 
LQ is disposed on the substrate P at the exposure station 
STE of the twin stage type exposure apparatus EX, then 
the measurement process can be performed based on 
substantially the same conditions as during the immer- 
sion exposure process by measuring in the wet state with 
the liquid LQ disposed on the substrate P or on the sub- 
strate stage PST, even when performing the measure- 
ment process at the measuring station STA. Accordingly, 
it is possible to suppress the generation of measurement 
errors and to accurately perform the exposure process 
based on that measurement result. 
[0099] Namely, when the liquid LQ is disposed on the 
substrate P, the substrate stage PST, and the like, a force 
acts upon the substrate P, the substrate stage PST, and 
the like, due to the pressure, the self weight, and the like, 
of the liquid LQ, and there is therefore a possibility that 
the substrate P, the substrate stage PST, and the like, 
will deform, although only slightly. Consequently, a case 
arises wherein, for example, the shape of the substrate 



P (or the substrate stage PST) in the non-immersed state 
(dry state), wherein the liquid LQ is not disposed, and 
the shape of the substrate P (or the substrate stage PST) 
in the Immersed state (wet state), wherein the liquid LQ 

5 is disposed, are different. Therefore, a situation arises 
wherein, for example, the measurement result of the sur- 
face position information of the substrate P when the 
measurement was performed in the dry state and the 
actual surface position of the substrate P when placed 

10 in the wet state are different. 

[0100] Alternatively, a situation also occurs wherein, 
due to the refractive index of the liquid LQ, the optical 
path of the detection light when measuring the surface 
information of the substrate P through the liquid LQ differs 

15 from the optical path of the detection light when meas- 
uring not through the liquid LQ. If such a situation occurs, 
it becomes problematic, for example, to align the surface 
of the substrate P with the plane of the image, which 
formed through the projection optical system PL and the 

20 liquid LQ, if the surface position of the substrate P is 
adjusted based on the measurement result in the dry 
state. 

[0101] Alternately, by performing measurement in the 
wet state at the measuring station STA and, based on 

25 that measurement result, adjusting (compensating) the 
surface position of the substrate P when exposing the 
substrate P in the wet state at the exposure station STE. 
it is possible to reflect the results of the measurement at 
the measuring station STA in the exposure at the expo- 

30 sure station STE and to dispose the surface position of 
the substrate P at the desired position. 
[0102] In addition, in the present embodiment, be- 
cause the liquid LQ is brought into contact with the liquid 
contact surface 83A, which is substantially the same as 

35 the liquid contact surface 2A of the optical element 2 of 
the projection optical system PL, when forming the im- 
mersion area AR2' at the measuring station STA, the 
state wherein the Immersion area AR2 formed at the ex- 
posure station STE can be made substantially the same 

40 as the state wherein the immersion area AR2' is formed 
at the measuring station STA. Accordingly, the accuracy 
of measurements performed at the measuring station 
STA can be improved. 

[0103] In addition, the exposure apparatus EX in the 
45 present embodiment is a twin stage type exposure ap- 
paratus, and therefore it is possible, by premeasuringthe 
surface position information of the substrate P at the 
measuring station STA, to efficiently adjust at the expo- 
sure station STE, based on that measurement result, the 
so positional relationship between the surface of the sub- 
strate P and the plane of the image, which passed 
through the projection optical system PL and the liquid 
LQ, and to consequently improve throughput. 
[0104] Furthermore, in the present embodiment, the 
55 approximation plane of the substrate P is derived in ad- 
vance based on the surface position information of the 
substrate P measured by the measuring station STA, 
and, based on that derived result, the Z tilt stage 52 is 
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driven by feedforward control in order to align the surface 
of the substrate P with the plane of the image that passed 
through the projection optical system PL and the liquid 
LQ. Accordingly, even if there were a minute deformation 
component (high-order deformation component) in the 5 
surface of the substrate P, the operation of adjusting the 
positional relationship by the Z tilt stage 52 can be made 
to track the deformation component, therefore making it 
possible to align the surface of the substrate P (the ex- 
posure surface) with the plane of the image that formed 10 
through the projection optical system PL and the liquid 
LQ. For example, with a constitution that drives the Z tilt 
stage 52 by feedback control in order to align the surface 
of the substrate P with the plane of the image, which 
formed through the projection optical system PL and the 15 
liquid LQ, based on the detection result of the focus lev- 
eling detection system 70 provided in the exposure sta- 
tion STE, there may be a limit in the responsiveness 
(tracking) when driving the Z tilt stage 52 in response to 
the response frequency of the feedback system, and the 
like. Nevertheless, it is possible to drive the Z tilt stage 
52 with high responsiveness (tracking) by driving the Z 
tilt stage 52 by feedforward control based on the previ- 
ously derived approximation plane of the substrate P. 
[0105] Furthermore, the Z tilt stage 52 may be driven 25 
to adjust the positional relationship between the surface 
of the substrate P and the image plane by detecting the 
surface information of the surface of the substrate P using 
the focus leveling detection system 70 of the exposure 
station STE during scanning exposure and supplement- 30 
ingthe approximation plane of the substrate P previously 
derived by the measuring station STA with the surface 
information detected during scanning exposure. Namely, 
the abovementioned feedforward control and feedback 
control may be used in parallel. 35 
[0106] Furthermore, with the present embodiment, the 
substrate alignment system 82 of the measuring station 
STA is constituted to measure the alignment marks 1 on 
the substrate P and the fiducial mark PFM of the fiducial 
member 300 in the wet state, but it may be constituted *o 
to measure the marks in the dry state. By doing so, it is 
possible to derive the positional relationship between the 
substrate P and the fiducial mark PFM. 
[0107] Incidentally, with the present embodiment, 
when exposing the substrate P at the exposure station <s 
STE, the position of the surface of the substrate P is 
compensated based on the measurement result of the 
focus leveling detection system 70 of the measuring sta- 
tion STA, but the surface position of the substrate P at 
the exposure station STE can also be compensated 50 
based on the measurement result of the load sensors 
64. Here, as discussed above, the load sensors 64A to 
64C are provided below the substrate holder PH that 
holds the substrate Pandean measure, via the substrate 
holder PH, the force exerted by the liquid LQ on the sub- 55 
strate P. Furthermore, the control apparatus CONT can 
more accurately align the surface of the substrate P with 
the plane of the image, which formed through the projec- 



tion optical system PL and the liquid LQ, by also taking 
into consideration the measurement results of the load 
sensors 64 in compensating the surface position of the 
substrate P. 

[01 08] Namely, the embodiments discussed above are 
constituted to derive the approximation plane of the sur- 
face of the substrate P using the position Zq as a refer- 
ence by: deriving the approximation plane of the sub- 
strate P by measuring the surface position of the sub- 
strate P in the wet state at the measuring station STA; 
and detecting the Z position information of one detection 
point of the surface of the substrate P at the exposure 
station STE. In this case, if the force exerted on the sub- 
strate P by the liquid LQ of the immersion area AR2' 
formed at the measuring station STA is substantially the 
same as the force exerted on the substrate P by the liquid 
LQ of the immersion area AR2 formed at the exposure 
station STE, then it is possible to satisfactorily align the 
surface of the substrate P with the plane of the image 
that formed through the projection optical system PL and 
the liquid LQ. Incidentally, a measurement error arises if 
the force exerted on the substrate P by the liquid LQ of 
the immersion area AR2' formed at the measuring station 
STA differs from the force exerted on the substrate P by 
the liquid LQ of the immersion area AR2 formed at the 
exposure station STE. 

[0109] For example, there is a possibility that a situa- 
tion will arise wherein the amount (weight) of the liquid 
LQ of the immersion area AR2* formed at the measuring 
station STA differs from the amount (weight) of the liquid 
LQ of the immersion area AR2 formed at the exposure 
station STE, due to variability in the performance of the 
liquid supply mechanism, the liquid collection mecha- 
nism, and the like. For example, if we let A be the amount 
(weight) of the liquid LQ of the immersion area AR2' 
formed at the measuring station STA, then the shape of 
the substrate P becomes shaped as depicted by a line 
L1 in FIG. 5. However, if we let A+cc be the amount 
(weight) of the liquid LQ of the immersion area AR2 
formed at the exposure station STE, then the shape of 
the substrate P becomes shaped as depicted by a line 
L2 in FIG. 5. Here, the quantity of deformation of the 
shape of the substrate P varies substantially proportion- 
ate to the weight of the liquid LQ. 
[0110] In that case, if the position of the surface of the 
substrate P at the exposure station STE is compensated 
based on the line L1 , which is the approximation plane 
of the substrate P derived at the measuring station STA, 
then the actual shape of the substrate P at the exposure 
station STE is the line L2, and it consequentially becomes 
problematic to align the surface of the substrate P with 
the plane of the image that formed through the projection 
optical system PL and the liquid LQ. 
[0111] At this point, the control apparatus CONT com- 
pensates the surface position of the substrate P at the 
exposure station STE based on the measurement results 
of the load sensors 64. 

[01 12] Specifically, the control apparatus CONT uses 



15 



29 



EP1 717 845 A1 



30 



the load sensors 64 A to 64C to measure the force exerted 
by the liquid LQ on the substrate P in a state wherein the 
liquid LQ is disposed on the substrate P by the second 
liquid supply mechanism 30 and the second liquid col- 
lection mechanism 40 at the measuring station STA. In 
addition, the control apparatus CO NT uses the focus lev- 
eling detection system 70 to measure the shape of the 
substrate P at that time. Furthermore, the control appa- 
ratus CO NT stores the load information (load distribution 
information) measured by the load sensors 64A to 64C 
associated with the shape information measured using 
the focus leveling detection systems 70. 
[0113] Subsequently, the control apparatus CONT 
moves the substrate stage PST that held the substrate 
P measured at the measuring station STA to the expo- 
sure station STE. Then, the control apparatus CONT us- 
es the load sensors 64 A to 64C to measure the force 
exerted by the liquid LQ on the substrate P in a state 
wherein the liquid LQ is disposed on the substrate P by 
the first liquid supply mechanism 10 and the first liquid 
collection mechanism 20 at the exposure station STE. In 
addition, the control apparatus CONT uses the focus lev- 
eling detection system 70 to measure the Z position in- 
formation of one detection point of the substrate P at that 
time. 

[0114] If we let the measurement result measured us- 
ing the load sensors 64A to 64C at the measuring station 
STA be A, the contour of the substrate P measured at 
that time using the focus leveling detection system 70 be 
the line L1 , and the measurement result measured using 
the load sensors 64A to 64C at the exposure station STE 
be A+a, then the control apparatus CONT can assume 
that the shape of the substrate P in the state wherein the 
liquid LQ is disposed at the exposure station STE is the 
line L2. Thus, the control apparatus CONT can compen- 
sate the approximation plane of the substrate P derived 
using the focus leveling detection system 70 based on 
the measurement results of the load sensors 64Ato 64C. 
[01 1 5] Then, the control apparatus CONT determines 
the compensation quantity related to the drive quantity 
of the Z tilt stage 52 in order to align the surface of the 
substrate P, which is the line L2, with the plane of the 
image that passed through the projection optical system 
PL and the liquid LQ. 

[01 1 6] At this point, it is necessary to have information 
related to the rigidity of the substrate P, the rigidity of the 
substrate holder PH that holds that substrate P, and the 
like in order to compensate the approximation plane of 
the substrate P based on the measurement results of the 
load sensors 64 at the exposure station STE. That infor- 
mation related to rigidity, and the like, can be derived in 
advance by, for example, experiments and simulation. 
For example, it is possible to derive the rigidity of the 
substrate P, the substrate holder PH, and the like, based 
on the measurement results of the load sensors 64 when 
differing amounts of the liquid LQ are respectively dis- 
posed on the substrate P, which is held by the substrate 
holder PH, and the measurement result (the substrate 



deformation quantity) of the focus leveling detection sys- 
tem 70 at that time, i.e., based on the deformation quan- 
tity of the substrate P (substrate holder PH) correspond- 
ing to the force exerted by the liquid LQ. Furthermore, 

5 by storing that rigidity-related information, the control ap- 
paratus CONT can derive the approximation plane of the 
substrate P at the exposure station STE based on the 
measurement results of the load sensors 64 at the ex- 
posure station STE and on the approximation plane of 

10 the substrate P derived at the measuring station STA. 
[01 17] Thus, it is possible to derive the approximation 
plane of the substrate P based on the measurement re- 
sult of the focus leveling detection system 70 in a state 
wherein the liquid LQ is disposed on the substrate P at 

15 the measuring station STA, as well as to derive the line 
L1 , which Is the first surface information related to the 
substrate P, by measuring with the load sensors 64 the 
force exerted upon the substrate P by the liquid LQ at 
that time; subsequently, it is possible to measure with 

20 the load sensors 64 the force exerted upon the substrate 
P by the liquid LQ in a state wherein the liquid LQ is 
disposed on the substrate P at the exposure station STE 
and, based on that measurement result, to derive the line 
L2, which is the second surface information. Then, based 

25 on the line L1 and the line L2, the compensation quantity 
of the drive quantity of the Z tilt stage 52 is determined 
in order to compensate the surface position of the sub- 
strate P at the exposure station STE. Thereby, the control 
apparatus CONT can align the surface of the substrate 

30 p with the plane of the image, which formed through the 
projection optical system PL and the liquid LQ, even If 
the state (weight) of the immersion area AR2' at the 
measuring station STA and the state (weight) of the im- 
mersion area AR2 at the exposure station STE are dif- 

35 ferent 

[0118] In addition, the present embodiment is consti- 
tuted to form the immersion area AR2 of the liquid LQ at 
one part (locally) on the substrate P, and a situation may 
arise wherein the shape of the substrate P respectively 

40 differ depending on the position at which that immersion 
area AR2 is formed on the substrate P. Namely, as de- 
picted by a symbol AR2a in the schematic view of FIG. 
6A, if the immersion area AR2 is formed on the -X side 
of the substrate P (or the substrate stage PST), then there 

« is a possibility that conspicuous deformation will occur 
at, for example, the area on the -X side of the substrate 
P, as depicted by a line La in FIG. 6B. Furthermore, the 
line La schematically depicts the shape (deformation 
quantity) of the substrate P. In addition, if the immersion 

so area AR2 is formed at a position like the ones depicted 
by the symbols AR2b, AR2c in FIG. 5A, then there Is a 
possibility that conspicuous deformation will occur at the 
position of the substrate P corresponding to the position 
of that immersion area AR2, as depicted by the lines Lb, 

55 Lc in FIG. 6B. 

[0119] Thus, there is a possibility that the position of 
the immersion area of the liquid LQ will move, as depicted 
by the symbols AR2a, AR2b, AR2c, attendant with the 
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movement of the substrate P (substrate stage PST), and 
that the shape (deformation quantity) of the substrate P, 
the substrate stage PST, and the like, will change in ac- 
cordance with the position of the immersion area in the 
surface direction of the substrate P. It is difficult at this 
time to measure the global deformation (global contour) 
of the entire substrate P because the focus leveling de- 
tection system 70 is constituted to measure the Z position 
at a comparatively small area on the substrate P through 
the liquid LQ of the Immersion area AR2 (AR2'). Accord- 
ingly, the control apparatus CONT can derive the global 
deformation (shape) of the entire substrate P based on 
the measurement results of the load sensors 64A to 64C 
provided at a plurality of positions. Because the load sen- 
sors 64A to 64C are provided at a plurality of positions 
(three locations), it is possible to measure each load at 
the plurality of positions (three locations) of the substrate 
P in a state wherein the liquid LQ is disposed. The output 
of each of the plurality of load sensors 64A to 64C chang- 
es attendant with the movement of the position of the 
immersion area. By performing prescribed arithmetic 
processing, the control apparatus CONT can derive the 
information related to the approximation plane derived 
using the focus leveling detection system 70, the defor- 
mation quantity of the substrate P, including the substrate 
holder PH, as well as the global deformation (shape) of 
the entire substrate P based on the measurement results 
of the load sensors 64A to 64C. At this time, it is possible 
to derive the global shape of the substrate P based on 
the measurement results of the load sensors 64 by taking 
into consideration, for example, the rigidity of the sub- 
strate holder PH, the substrate P, and the like. 
[0120] Furthermore, the present embodiment is con- 
stituted so that the load sensors B4A to 64C are provided 
between the lower surface of the substrate holder PH 
and the bottom surface 62 of the Z tilt stage 52, but the 
positions at which load sensors (measuring instruments) 
are disposed are not limited thereto. For example, a 
member, such as a glass plate, which transmits the ex- 
posure light therethrough, may be disposed between the 
optical element 2 and the substrate P (substrate holder 
PH) and, with the immersion exposure method that forms 
the immersion area AR2 by supplying the liquid LQ be- 
tween that glass plate and the substrate P, a measuring 
instrument like the load sensors may be disposed on the 
glass plate side. Then, the force exerted on the substrate 
P is measured using that measuring instrument (load 
sensor). In this case, a member equivalent to the glass 
plate of the exposure station STE and the measuring 
instrument, such as a load sensor, are also disposed in 
advance between the substrate alignment system (first 
mark detection system) and the substrate P (substrate 
holder PH) at the measuring station STA. Then, the force 
exerted upon the substrate P is derived in advance using 
the measuring instrument (load sensor) in a state wherein 
the immersion area AR2 is formed by supplying the pre- 
scribed liquid between that equivalent member (glass 
plate) and the substrate P. Furthermore, because the 



present embodiment is constituted so that the measure- 
ment process, prior to performing the exposure process 
in the immersed state, is also performed in the immersed 
state, the measurement process is performed under sub- 

5 stantially the same conditions as during the exposure 
process. Incidentally, it is conceivable that the tempera- 
ture of the substrate P may vary depending on the pres- 
ence or absence of the liquid on the substrate P, and 
therefore there is a possibility that the substrate P, the 

10 substrate holder PH that holds that substrate P, and the 
like, may deform. Accordingly, when performing the 
measurement process, the exposure process, and the 
like, such may be performed after the immersion areas 
AR2, AR2* have been formed and the substrate P, the 

is substrate holder PH, and the like, have reached a ther- 
mally stable condition after the elapse of a prescribed 
time period. 

[0121] In addition, the object to be measured at the 
measuring station STA is not limited to the present em- 

20 bodiment. Information of a type not directly related to the 
information related to the position of the fiducial member 
300, the substrate P, and the like, disposed on the sub- 
strate stage PST, may be measured by, for example, a 
sensor, which may be built into or detachably attached 

25 to the substrate stage PST. For example, information 
may be measured related to the temperature, the con- 
tamination level, and the like, of the liquid LQ. 
[01 22] As discussed above, the liquid LQ in the present 
embodiment comprises pure water. Pure water is advan- 
ce tageous because it can be easily obtained in large quan- 
tities at a semiconductor fabrication plant, and the like, 
and because pure water has no adverse impact on the 
optical element (lens), the photoresist on the substrate 
P, and the like. In addition, because pure water has no 

35 adverse impact on the environment and has an extremely 
low impurity content, it can also be expected to have the 
effect of cleaning the surface of the substrate P and the 
surface of the optical element provided on the front sur- 
face of the projection optical system PL. Furthermore, 

40 the exposure apparatus may be provided with an ul- 
trapure water manufacturing apparatus if the purity of the 
pure water supplied from the plant, and the like, is low. 
[01 23] Further, the refractive index n of pure water (wa- 
ter) for the exposure light EL having a wavelength of ap- 

45 proximately 1 93 nm Is said to be substantially 1 .44; there- 
fore, the use of ArF excimer laser light (193 nm wave- 
length) as the light source of the exposure light EL would 
shorten the wavelength on the substrate P to 1/n, i.e., 
approximately 134 nm, thereby obtaining a high resolu- 

50 tion. Furthermore, because the depth of focus will in- 
crease approximately n times, I.e., approximately 1.44 
times, that of In air, the numerical aperture of the projec- 
tion optical system PL can be further increased if it is 
preferable to ensure a depth of focus approximately the 

55 same as that when used in air, and the resolution is also 
improved from this standpoint. 

[01 24] Furthermore, the numerical aperture NA of the 
projection optical system may become 0.9 to 1 .3 if the 
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liquid immersion method as discussed above is used. If 
the numerical aperture NA of such a projection optical 
system increases, then random polarized light conven- 
tionally used as the exposure light will degrade imaging 
performance due to the polarization effect, and it is there- 
fore preferable to use polarized illumination. In that case, 
it is better to illuminate with linearly polarized light aligned 
in the longitudinal direction of the line pattern of the line- 
and-space pattern of the mask (the reticle), and to emit 
a large amount of diffracted light of the S polarized light 
component (the TE polarized light component) i.e., the 
polarized light direction component aligned in the longi- 
tudinal direction of the line pattern, from the pattern of 
the mask (the reticle). If a liquid is filled between the pro- 
jection optical system PL and the resist coated on the 
surface of the subst rate P, then the transmittance through 
the resist surface increases for the diffracted light of the 
S polarized light component (the TE polarized light com- 
ponent) .which contributes to the improvement of the con- 
trast, compared with the case in which air (a gas) is filled 
between the projection optical system PL and the resist 
coated on the surface of the substrate P, and a high im- 
aging performance can consequently be obtained even 
if the numerical aperture NA of the projection optical sys- 
tem exceeds 1 .0. In addition, it is further effective to ap- 
propriately combine a phase shift mask and the oblique 
incidence illumination method (particularly the dipole il- 
lumination method) aligned in the longitudinal direction 
of the line pattern, as disclosed in Japanese Unexamined 
Patent Application, First Publication No. H06-188169. 
The disclosures in the abovementioned publication are 
hereby incorporated by reference in its entirety to the 
extent permitted by the national laws and regulations of 
the designated states (or elected states) designated by 
the present international patent application. 
[0125] In addition, if a fine line-and-space pattern (e.g., 
a line-and-space of approximately 25 to 50 nm) is ex- 
posed on the substrate P using, for example, an ArF ex- 
cimer laser as the exposure light and using a projection 
optical system PL having a reduction magnification of 
approximately 1/4, then the structure of the mask M (e.g., 
the fineness of the pattern and the thickness of the 
chrome) causes the mask M to act as a polarizing plate 
due to the wave guide effect, and a large amount of dif- 
fracted light of the S polarized light component (the TE 
polarized light component) from the diffracted light of the 
P polarized light component (the TM polarized light com- 
ponent), which decreases contrast, is emitted from the 
mask M. In this case, it is preferable to use the linear 
polarized light illumination discussed above; however, 
even if the mask M Is illuminated with random polarized 
light, a high resolution performance can be obtained even 
if the numerical aperture NA of the projection optical sys- 
tem PL is as large as 0.9 to 1.3. In addition, if exposing 
an ultrafine line-and-space pattern of a mask M onto a 
substrate P t then there is also a possibility that the P 
polarized light component (the TM polarized light com- 
ponent) will become greater than the S polarized light 



component (the TE polarized light component) due to the 
wire grid effect; however, because a greater quantity of 
diffracted light of the S polarized light component (the TE 
polarized light component) than the diffracted light of the 

5 p polarized light component (the TM polarized light com- 
ponent) is emitted from the mask M if a line-and-space 
pattern larger than 25 nm is exposed onto the substrate 
P using, for example, an ArF excimer laser as the expo- 
sure light and using a projection optical system PL having 

10 a reduction magnification of approximately 1/4, then a 
high imaging performance can be obtained even if the 
numerical aperture NA of the projection optical system 
PL is as large as 0.9 to 1 .3. 

[0126] Furthermore, instead of just linear polarized 

is light illumination (S polarized light illumination) aligned 
in the longitudinal direction of the line pattern of the mask 
(the reticle), it is also effective to combine the oblique 
Incidence illumination method with the polarized light il- 
lumination method that linearly polarizes light in a direc- 

20 tion tangential (circumferential) to a circle with the optical 
axis at the center, as disclosed in Japanese Unexamined 
Patent Application, First Publication No. H06-53120. In 
particular, if the mask (reticle) pattern mixes line patterns 
extending in a plurality of differing directions Instead of 

25 a line pattern extending in a prescribed single direction, 
then by combining the use of the zonal illumination meth- 
od with the polarized light illumination method that line- 
arly polarizes light in a direction tangential to a circle hav- 
ing the optical axis at its center, as likewise disclosed in 

30 Japanese Unexamined Patent Application, First Publica- 
tion No. H06-531 20, It is possible to achieve high imaging 
performance even if the numerical aperture NA of the 
projection optical system is large. The disclosures in the 
abovementioned publications are each hereby incorpo- 

35 rated by reference in its entirety to the extent permitted 
by the national laws and regulations of the designated 
states (or elected states) designated by the present in- 
ternational patent application. 

[0127] In the present embodiment, the optical element 

40 2 is affixed at the front of the projection optical system 
PL and can adjust the optical characteristics of the pro- 
jection optical system PL, e.g., aberrations (spherical ab- 
erration, coma aberration, and the like). Furthermore, the 
optical element affixed to the front of the projection optical 

45 system PL may also be an optical plate used to adjust 
the optical characteristics of the projection optical system 
PL. Alternatively, it may be a plane parallel plate capable 
of transmitting the exposure light EL therethrough. 
[0128] Furthermore, if high pressure is generated by 

50 the flow of the liquid LQ between the substrate P and the 
optical element at the front of the projection optical sys- 
tem PL, then Instead of making the optical element re- 
placeable it may be firmly fixed by that pressure so that 
it does not move. 

55 [0129] Furthermore, the present embodiment is con- 
stituted so that the liquid LQ is filled between the projec- 
tion optical system PL and the surface of the substrate 
P, but may be constituted so that the liquid LQ Is filled in 
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a state wherein, for example, a cover glass comprising 
a plane parallel plate Is affixed to the surface of the sub- 
strate P. 

[0130] Furthermore, although the liquid LQ in the 
present embodiment is water, it may be a liquid other 
thanwater; forexample, ifthelightsource of theexposure 
light EL is an F 2 laser, then this F 2 laser light will not 
transmit through water, so it would be acceptable to use 
as the liquid LQ a fluorine based fluid, such as perftuor- 
inated polyether (PFPE) or fluorine based oil, that is ca- 
pable of transmitting the F 2 laser light. In this case, the 
portions that make contact with the liquid LQ are treated 
to make them lyophilic by forming a thin film with a sub- 
stance having a molecular structure that contains fluorine 
and that has a small polarity. In addition, it is also possib le 
to use as the liquid LQ one (e.g., cedar oil) that is trans- 
parent to the exposure light EL, has the highest possible 
refractive index, and is stable with respect to the projec- 
tion optical system PL and the photoresist coated on the 
surface of the substrate P. In this case, the surface is 
treated according to the polarity of the liquid LQ used. 
[0131] Furthermore, the substrate P in each of the 
abovementioned embodiments is not limited to a semi- 
conductor wafer for fabricating semiconductor devices 
and is also applicable to a glass substrate for a display 
device, a ceramic wafer for a thin film magnetic head, or 
a mask or the original plate of a reticle (synthetic quartz, 
silicon wafer) used by an exposure apparatus, and the 
like. 

[01 32] In addition to a step-and-scan system scanning 
type exposure apparatus (scanning stepper) that scans 
and exposes the pattern of the mask M by synchronously 
moving the mask M and the substrate P, a step-and- 
repeat system projection exposure apparatus (stepper) 
that exposes the full pattern of the mask M with the mask 
M and the substrate P in a stationary state and sequen- 
tially steps the substrate P Is also applicable as the ex- 
posure apparatus EX. In addition, the present invention 
is also applicable to a step-and-stitch system exposure 
apparatus that partially and superimposingly transfers at 
least two patterns onto the substrate P. 
[0133] In addition, the present invention is also appli- 
cable to an exposure apparatus that employs a full wafer 
exposure system that exposes a reduced image of a first 
pattern onto the substrate P using a projection optical 
system (e.g., a refraction type projection optical system 
with a 1/8 reduction magnification and that does not in- 
clude a reflecting element) in a state wherein the first 
pattern and the substrate P are substantially stationary. 
In this case, the present invention can also be applied to 
a stitching full-wafer exposure apparatus that subse- 
quently further uses that projection optical system to per- 
form a full-wafer exposure of the reduced image of a sec- 
ond pattern, in a state wherein the second pattern and 
the substrate P are substantially stationary, onto the sub- 
strate P, partially overlapping the first pattern. 
[0134] In addition, in the embodiments discussed 
above, an exposure apparatus is used that locally fills 



liquid between the projection optical system PL and the 
substrate P, but the present invention is also applicable 
to a liquid immersion exposure apparatus that moves a 
stage, which holds the substrate to be exposed, In a liquid 

5 bath, as well as to a liquid immersion exposure apparatus 
that forms a liquid pool having a prescribed depth on the 
stage and holds the substrate therein. The structure and 
exposure operation of the immersion exposure appara- 
tus that moves the stage that holds the substrate to be 

10 exposed in the liquid bath is disclosed in, for example, 
Japanese Unexamined Patent Application, First Publica- 
tion No. H06-1 24873, and the immersion exposure ap- 
paratus that forms a liquid pool of a prescribed depth on 
the stage and holds the substrate therein is disclosed in, 

15 for example, Japanese Unexamined Patent Application, 
First Publication No. H10-303114 and U.S. Patent No. 
5,825,043. The disclosures in the abovementioned pub- 
lications and the U.S. Patent are each hereby incorpo- 
rated by reference in its entirety to the extent permitted 

20 by the national laws and regulations of the designated 
states (or elected states) designated by the present in- 
ternational patent application. 

[0135] In addition, the exposure apparatus, wherein 
the liquid immersion method discussed above is applied, 

25 is constituted to fill a liquid (pure water) in the space of 
the optical path on the emission side of the terminal op- 
tical member of the projection optical system PL, and 
then expose a wafer W (the substrate P), but may be 
constituted so that it also fills a liquid (pure water) in the 

30 space of the optical path on the incident side of the ter- 
minal optical member of the projection optical system, 
as disclosed in the PCT International Publication No. 
W02 004/01 9128. The disclosures in the abovemen- 
tioned publications are hereby incorporated by reference 

35 in its entirety to the extent permitted by the national laws 
and regulations of the designated states (or elected 
states) designated by the present international patent ap- 
plication. 

[0136] If these immersion exposure apparatuses are 
*o adopted, then they may be respectively constituted so 
that the measuring station side can be set to the same 
state as when the wafer at the exposure station is in the 
exposure state. 

[0137] The type of exposure apparatus EX Is not lim- 
45 ited to semiconductor device fabrication exposure appa- 
ratuses that expose the pattern of a semiconductor de- 
vice on the substrate P, but is also widely applicable to 
exposure apparatuses for fabricating liquid crystal devic- 
es or displays, exposure apparatuses for fabricating thin 
so film magnetic heads, imaging devices (CCD), or reticles 
and masks, and the like. 

[0138] If a linear motor Is used in the substrate stage 
PST or the mask stage MST (for example, refer to U.S. 
Patent Nos. 5,623,853 and 5,528,1 18), then either an air 
55 levitation type that uses an air bearing or a magnetic lev- 
itation type that uses Lorentz's force or reactance force 
may be used. In addition, each of the stages PST, MST 
may be a type that moves along a guide or may be a 
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guideless type not provided with a guide. 
[01 39] For the drive mechanism of each of the stages 
PST, MST, a planar motor may be used that opposes a 
magnet unit, wherein magnets are arranged two dimen- 
sional ly to an armature unit, wherein coils are arranged 
two dimension ally, and drives each of the stages PST, 
MST by electromagnetic force. In this case, any one 
among the magnet unit and the armature unit is connect- 
ed to the stages PST, MST and the other one of the mag- 
net unit and the armature unit should be provided on the 
moving surface side of the stages PST, MST. 
[01 40] The reaction force generated by the movement 
of the substrate stage PST may be mechanically dis- 
charged to the floor (ground) using a frame member so 
that it is not transmitted to the projection optical system 
PL, as recited in Japanese Unexamined Patent Applica- 
tion, First Publication No. H08-1 66475 and the corre- 
sponding U.S. Patent No. 5,52B,1 1 8. 
[01 41 ] The reaction force generated by the movement 
of the mask (reticle) stage MST may be mechanically 
discharged to the floor (ground) using a frame member 
so that it is not transmitted to the projection optical system 
PL, as recited in Japanese Unexamined Patent Applica- 
tion, First Publication No. H08-330224 and the corre- 
sponding U.S. Patent No. 5,874,820. The disclosures in 
the abovementioned publication and U.S. Patent are 
each hereby incorporated by reference in its entirety to 
the extent permitted by the national laws and regulations 
of the designated states (or elected states) designated 
by the present international patent application. 
[01 42] In the present embodiment discussed above, a 
light transmitting type mask that forms a prescribed 
shielding pattern (or a phase pattern, or a dimming pat- 
tern) onto a substrate having light transmitting charac- 
teristics, or a light reflection type mask that forms a pre- 
scribed reflected pattern onto a substrate having light 
reflection properties was used, but the present invention 
is not limited thereto. For example, instead of such a 
mask, an electronic mask (one type of optical system) 
may be used that forms a transmittance pattern or a re- 
flected pattern based on digital data of the pattern to be 
exposed, or that forms a light emitting pattern. Such an 
electronic mask is disclosed in, for example, U.S. Patent 
No. 6,778,257. The disclosures In the abovementioned 
U.S. Patent are each hereby Incorporated by reference 
in its entirety to the extent permitted by the national laws 
and regulations of the designated states (or elected 
states) designated by the present international patent ap- 
plication. Furthermore, the electronic mask discussed 
above is a concept that includes both a non-emissive 
type image display device and a self luminous type Image 
display device. 

[0143] In addition, the present invention is also appli- 
cable to an exposure apparatus that performs an expo- 
sure, which is called a double beam interference expo- 
sure, that exposes a substrate with the interference fring- 
es produced by the interference of a plurality of beams. 
Such an exposure method and an exposure apparatus 



are disclosed in, for example, PCT International Publica- 
tion No: WO01 /351 68. The disclosures in the abovemen- 
tioned publication are hereby Incorporated by reference 
in its entirety to the extent permitted by the national laws 
5 and regulations of the designated states (or elected 
states) designated by the present international patent ap- 
plication. 

[0144] The exposure apparatus EX of the embodi- 
ments in the present application as described above is 

10 manufactured by assembling various subsystems, in- 
cluding each constituent element recited in the claims of 
the present application, so that a prescribed mechanical 
accuracy, electrical accuracy, and optical accuracy are 
maintained. To ensure these various accuracies, adjust- 

15 ments are performed before and after this assembly, in- 
cluding an adjustment to achieve optical accuracy for the 
various optical systems, an adjustment to achieve me- 
chanical accuracy for the various mechanical systems, 
and an adjustment to achieve electrical accuracy for the 

20 various electrical systems. The assembly process from 
the various subsystems to the exposure apparatus in- 
cludes the mutual mechanical connection of the various 
subsystems, the wiring and connection of electrical cir- 
cuits, the piping and connection of the atmospheric pres- 

25 sure circuit, and the like. Naturally, before the assembly 
process, ranging from these various subsystems to the 
exposure apparatus, there are processes for assembling 
each of the individual subsystems. When the assembly 
process from various subsystems to the exposure appa- 

30 ratus has completed, a comprehensive adjustment is per- 
formed to ensure the various accuracies of the exposure 
apparatus as a whole. Furthermore, it is preferable to 
manufacture the exposure apparatus in a clean room 
wherein the temperature, the cleanliness level, and the 

35 like, are controlled. 

[0145] As shown in FIG. 7, a micro-device, such as a 
semiconductor device is manufactured by: a step 201 
that designs the functions and performance of the micro- 
device; a step 202 that fabricates a mask (reticle) based 

40 on this design step; a step 203 that fabricates a substrate, 
which is the base material of the device; a substrate 
processing step 204 wherein the exposure apparatus EX 
of the embodiments discussed above exposes a pattern 
of the mask onto the substrate; a device assembling step 

45 205 (comprising a dicing process, a bonding process, 
and a packaging process); an inspecting step 206; and 
the like. 



50 Claims 

1. An exposure apparatus that exposes a substrate 
through a liquid, comprising: 

55 at least two substrate stages each capable of 

holding and moving a substrate; 
an exposure station that exposes, through an 
optical system and the liquid, a substrate held 
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by one substrate stage; and 
a measuring station that measures the other 
substrate stage or the substrate held by said 
substrate stage; wherein, 
the measurement at said measuring station is 
performed in a state in which the liquid has been 
disposed on said substrate stage or on said sub- 
strate. 

2. An exposure apparatus according to claim 1 , where- 
in the measurement at said measuring station is per- 
formed during the exposure at said exposure station. 

3. An exposure apparatus according to claim 1 or 2, 
wherein 

the substrate on the substrate stage that was meas- 
ured at said measuring station is exposed at said 
exposure station; 

said measuring station comprises a surface detec- 
tion system that measures, through the liquid, the 
surface information of the substrate held by said sub- 
strate stage; and 

the surface position of the substrate at said exposure 
station is compensated based on the results of the 
measurement performed at said measuring station. 

4. An exposure apparatus according to any one of 
claims 1 to 3, wherein 

said exposure station comprises a first liquid supply 
mechanism that supplies the liquid between said op- 
tical system and the substrate; and 
said measuring station comprises: a dummy mem- 
ber comprising a liquid contact surface substantially 
equivalent to the liquid contact surface of said optical 
system; and a second liquid supply mechanism that 
supplies the liquid between said dummy member 
and said substrate. 

5. An exposure apparatus according to any one of 
claims 1 to 4, further comprising: 

a measuring instrument that measures the force 
exerted by said liquid upon said substrate orthe 
substrate stage that holds said substrate. 

6. An exposure apparatus according to claim 5, where- 
in the surface position of said substrate at the expo- 
sure station is compensated based on the measure- 
ment result of said measuring instrument. 

7. An exposure apparatus according to claim 6, where- 
in said measuring instrument comprises a control 
apparatus that measures the force exerted on said 
substrate at each of a plurality of positions, in a state 
in which the liquid has been disposed, and derives 
the surface information of said substrate based on 
said measurement result. 



8. An exposure apparatus according to claim 6, where- 
in 

a first surface information related to said substrate 
Is derived by performing a measurement, In a state 
5 in which the liquid has been disposed on the sub- 
strate, with the measuring instrument at said meas- 
uring station; 

a second surface information related to said sub- 
strate is derived by performing a measurement, in a 
10 state in which the liquid has been disposed on said 
substrate, with the measuring instrument at said ex- 
posure station; and 

a compensation quantity for compensating the sur- 
face position of said substrate at said exposure sta- 
15 tion is determined based on said first surface infor- 
mation and said second surface Information. 

9. An exposure apparatus according to any one of 
claims 1 to 8, wherein 

20 a liquid immersion area is formed at one part on said 
substrate; and 

the surface information of said substrate is derived 
in accordance with the position of said immersion 
area in the surface direction of said substrate. 

25 

10. An exposure apparatus according to any one of 
claims 1 to 9, wherein said measuring station com- 
prises a first mark detection system that measures, 
through the liquid, an alignment mark on the sub- 

30 strate held by the substrate stage and also meas- 
ures, through the liquid, a fiducial mark provided on 
said substrate stage. 

11. An exposure apparatus according to claim 10, 
35 wherein 

said first mark detection system comprises an optical 
member comprising a liquid contact surface sub- 
stantially equivalent to the liquid contact surface of 
said optical system; and 
40 measurement is performed in a state in which the 
liquid is brought into contact with the liquid contact 
surface of said optical member. 

12. An exposure apparatus according to claim 1 0 or 11 , 
45 wherein said first mark detection system and the sur- 
face detection system that measures the surface in- 
formation of said substrate are capable of performing 
measurement substantially simultaneously. 

so 13. An exposure apparatus according to any one of 
claims 10 to 12, wherein 

said exposure station comprises a second mark de- 
tection system that measures, through the optical 
system and the liquid, the fiducial mark provided on 
55 said substrate stage; and 

a shot region on said substrate and the position of a 
pattern image that passed through said optical sys- 
tem and the liquid are aligned based on the meas- 
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urement results of said first mark detection system 
and said second mark detection system. 

14. A device fabricating method, wherein the exposure 
apparatus according to any one of claims 1 to 13 is 
used. 

15. An exposure method that exposes a substrate 
through a liquid, comprising the steps of: 

measuring the substrate stage or the substrate 
held by said substrate stage at the measuring 
station in a state in which the liquid is disposed 
on the substrate stage or the substrate; and 
exposing, through the optical system and the 
liquid, said substrate at an exposure station sep- 
arate from said measuring station. 

1 6. An exposure method according to claim 1 5, compris- 
ing the steps of: 
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an exposure station that exposes, through an 
optical system and the liquid, the substrate held 
by one substrate stage; 
a measuring station that measures the other 
substrate stage or the substrate held by said 
substrate stage; 

a first liquid supply apparatus that supplies the 
liquid on the substrate held by said substrate 
stage positioned at said exposure station; and 
a second liquid supply apparatus that supplies 
the liquid on said substrate stage or the sub- 
strate held by said substrate stage positioned at 
said measuring station. 



measuring the surface information of said sub- 
strate at said measuring station; and 
exposing the substrate .while compensating the 
surface position of the substrate, at said expo- 
sure station based on said measurement re- 
sults. 
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17. An exposure method according to claim 15 or 16, 
further comprising the steps of: 



measuring, through said optical system and the 
liquid, the fiducial mark provided on said sub- 
strate stage at said exposure station after the 
alignment mark on the substrate held on said 
substrate stage at said measuring station has 
been measured through the liquid, and the fidu- 
cial mark provided on said substrate stage has 
been measured through the liquid; and 
aligning the shot region on said substrate and 
the position of the pattern image, which passed 
through said optical system and the liquid, based 
on said measurement results. 
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18. An exposure method according to any one of claims 
1 5 to 1 7, wherein the measurement at said measur- 
ing station is performed during the exposure at said 
exposure station. 
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19. A device fabricating method, wherein the exposure 
method according to any one of claims 15 to 18 is 
used. 

20. An exposure apparatus that exposes a substrate 
through a liquid, comprising: 

at least two substrate stages capable of holding 
and moving a substrate; 
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FIG. 4 
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